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Introduction 


Mario S. Verani, MD 


his special issue of the American Journal of 
l Cardiology is a direct spinoff of the sympo- 
sium “Advances in Nuclear Cardiovascular 
Imaging,” held in June 1990 in Washington, DC, in 
association with the 37th annual scientific sessions 
of the Society of Nuclear Medicine. The partici- 
pants were all nationally recognized experts in 
their fields, and they brought to the symposium the 
best knowledge in nuclear cardiology, tempered by 
their personal experience over the years. 

Mahmarian and Verani review the state-of-the- 
art of exercise thallium-201 tomography, and con- 
clude that single-photon tomographic imaging pro- 
vides accurate diagnosis of coronary artery disease 
and enables computer quantification of the myocar- 
dium at risk. Verani and Mahmarian describe the 
advantages of using adenosine to produce maximal 
pharmacologic coronary vasodilation, in combina- 
tion with thallium-201 scintigraphy. The most at- 
tractive features of adenosine are its extremely 
short half-life (<2 seconds) and its potency as a 
coronary dilator. 

Beer, Heo, and Iskandrian revisit thallium-201 
imaging during pharmacologic vasodilation with 
dipyridamole, a test that has already been applied 
to several thousands of patients throughout the 
world, despite the fact that dipyridamole was only 
recently approved by the FDA for this purpose. In 
addition to its diagnostic value, dipyridamole/ 
thallium imaging is very useful in determining the 


From the Section of Cardiology, Department of Internal Medicine, 
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prognosis of patients with coronary artery disease, 
with or without recent infarction, and in cardiac 
risk stratification prior to peripheral vascular oper- 
ations. 

Maddahi, Kiat, and Berman review the newly 
approved technetium-99m myocardial perfusion 
agents (sestamibi and teboroxime) and contrast 
their differences while comparing them with thal- 
lium-201, the standard myocardial perfusion imag- 
ing agent for the past 15 years. The ultimate role of 
these agents in clinical practice remains to be 
determined, but it is likely that each will find its 
niche in nuclear cardiology. There is a sense of 
excitement as we anticipate the use of these two 
agents in the very near future. 

Schwaiger and Muzik summarize the state of 
the art of myocardial perfusion imaging by positron 
emission tomography (PET), capitalizing on their 
extensive personal experience with this very sophis- 
ticated and promising technology. The unresolved 
issues of cost and reimbursement notwithstanding, 
PET is steadily gaining broader clinical accep- 
tance. 

Finally, Robert Wilson makes a comprehensive 
review of the assessment of coronary flow reserve 
using a Doppler catheter. This technique provides 
a much needed estimate of the physiologic effects 
of a given coronary stenosis and is a strong link 
between coronary anatomy (angiography) and phys- 
iology (perfusion). 

I am personally grateful to all the contributors 
of this issue for their superb articles and to Profes- 
sional Information Management, Inc. for their 
efficient assistance with the technical details of the 
symposium. 
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Exercise Thallium-201 Perfusion Scintigraphy in 
the Assessment of Coronary Artery Disease 


John J. Mahmarian, mb, and Mario S. Verani, MD 


Exercise thallium-201 perfusion scintigraphy has 


been used extensively over the last decade for 
the detection and localization of coronary artery 
disease. Single-photon emission computed to- 
mography (SPECT) is a refinement of presently 
available techniques, offering improved identifi- 
cation over planar imaging of individual vessel 
stenosis and quantification of the extent of ab- 
normally perfused myocardium. In this review, 
the planar and SPECT techniques are discussed 
in light of the most recently published large pa- 
tient series, and with regard to the many factors 
that affect the sensitivity and specificity of perfu- 
sion imaging in identifying coronary artery dis- 
ease. The clinical implications of exercise perfu- 
sion scintigraphy and its future applications in 
cardiology practice are discussed. | 
(Am J Cardiol 1991;67:2D—11D) 


From the Section of Cardiology, Department of Internal Medicine, 
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sion scintigraphy has gained wide acceptance 

in the detection and localization of coronary 
artery disease’’ and is a more accurate test than 
the stress electrocardiogram alone.>’ Perfusion 
imaging has also helped clarify the functional 
significance of coronary stenoses localized by an- 
giography, as well as the therapeutic success of 
pharmacologic and mechanical interventions. Ad- 
vancements in computer technology have led to the 
development of tomographic cardiac imaging that 
offers improved detection of coronary artery dis- 
ease over standard planar scintigraphy’ and can 
estimate the extent of abnormally perfused myocar- 
dium.'*” In this review, we will discuss the tech- 
nique of exercise scintigraphy, the improvements 
afforded by tomographic imaging, and the clinical 
applications of this technique in current cardiology 
practice. 


[: the last decade, exercise thallium-201 perfu- 


EXERCISE THALLIUM-201 IMAGING 

Exercise testing, in conjunction with thallium 
imaging, is most commonly performed on a tread- 
mill using one of several graded exercise protocols. 
At peak exercise, typically 2-3 mCi of thallium-201 
is injected and flushed with a saline solution. The 
patient is then encouraged to exercise an addi- 
tional 30-60 seconds after the radionuclide injec- 
tion so as to accelerate thallium-201 blood clear- 
ance. 

Imaging usually begins 5-10 minutes after termi- 
nation of exercise with either the planar or tomo- 
graphic technique. With planar scintigraphy, car- 
diac images are acquired in the anterior, and 45° 
and 70° left anterior oblique projections; whereas 
with single-photon emission computed tomogra- 
phy (SPECT), 32 images are acquired at 6° inter- 
vals over an anterior 180° arc. 

The raw SPECT data are reconstructed using a 
back projection technique and various filtering 
modalities, depending on the individual imaging 
system. The 6-mm-thick reconstructed tomo- 
graphic images are reoriented into the 3 standard 
cardiac planes (short, horizontal-long, and vertical- 
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long axes) for visual interpretation. Redistribution 


images are usually obtained 4 hours after exercise 
to assess for the presence of myocardial ischemia, 
although it is now well recognized that delayed 
(24-hour) redistribution is not an infrequent occur- 
rence.” Furthermore, many fixed perfusion defects 
revert to normal after successful coronary revascu- 
larization.” Thus, redistribution within an initial 
stress-related perfusion defect indicates myocar- 
dial viability, but lack of redistribution does not 
necessarily imply scar. Recent reports have sug- 
gested that the administration of a “booster” dose 
of 1.0 mCi of thallium-201 at 4 hours post-exercise 
may enhance the detection of viable, yet ischemic, 
myocardium.” 


PLANAR SCINTIGRAPHY 

Although planar scintigraphy has been the tradi- 
tional technique used for assessing myocardial 
perfusion, its diagnostic accuracy is limited, due to 
the inevitable superimposition of normally and 
abnormally perfused myocardium**** as well as to 
the significant intraobserver variability that exists 
when visually interpreting the images.*'’ With 
planar imaging, pooled data would indicate an 
overall sensitivity of 82% and a specificity of 91% 
for the detection of coronary artery disease.’ Indi- 
vidual vessel detection is generally low, however, 
with sensitivities reported for the left anterior 
descending, right, and circumflex coronary arteries 
ranging from 55% to 78%, 50% to 78%, and 21% 
to 45%, respectively.” Quantifying the myocar- 
dial thallium-201 distribution with computer- 
assisted circumferential profile analysis has made 
the technique less operator-dependent, but cannot 
circumvent the inherent problem of myocardial 
overlap that affects both overall and individual 
vessel detection of coronary artery disease. Further- 
more, although most studies using quantitative 
circumferential profile algorithms have demon- 
strated an improvement in sensitivity,°~’ this has 
generally been at the expense of specificity.” 


SPECT SCINTIGRAPHY 

Single-photon tomography, an inherently 3-di- 
mensional technique, has the potential to over- 
come the limitations of planar scintigraphy and can 
be used to quantify accurately the extent and 
severity of abnormally perfused myocardium. Quan- 
titative analysis of SPECT images generally em- 
ploys a similar circumferential profile technique as 
~ used in planar scintigraphy, but the analysis is 
~ applied to all individual short-axis tomographic 
slices from the cardiac apex to base, rather than to 
_ only 3 planar images. The circumferential profiles 
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FIGURE 1. Diagram of the computer-generated polar map, 
which is a 2-dimensional construct of the 3-dimensional 
radionuclide activity of the heart. Apical and cavitary 
boundaries are derived from both the short and vertical 
long axis planes. The 2 solid vertical lines in the short axis 
slice and the leftmost solid vertical line in the vertical long 
axis slice indicate the boundaries of the left ventricular 
cavity at the endocardial border. (Reprinted with permis- 
ee E O een AAE 
tion. 


are generated so that pixel count activity from the 
center to the outer boundary of each short-axis 
slice is determined along radians spaced at 6° 
intervals over 360° (Figure 1). The count-activity 
for each radian is determined as the maximal single 
pixel, or 3-pixel average, along the radian. The 
count activity assigned to each radian is then 
normalized to the pixel (or 3-pixel average), with 
the highest activity in the short-axis slice. The left 
ventricular apical activity is determined in a similar 
fashion by circumferential analysis of several mid- 
cavity vertical long-axis slices whose limits are 
defined in the short-axis plane. A 2-dimensional 
polar map of the 3-dimensional myocardial radio- 
nuclide activity is created by representing the 
sequential individual short-axis slices from cardiac 
apex to base as concentric rings from the center to 
the periphery of the map. 

The map of each patient is then statistically 
compared against a normal data bank, which gener- 
ally consists of patients at low risk ( <5% likeli- 
hood) for coronary artery disease. Separate data 
banks for men and women are not used in our 
laboratory, since we have not observed a difference 
in detection or quantification of perfusion defects 
when gender-specific or mixed-gender data banks 
are employed.” However, this is in contradistinc- 
tion to other reports®'*" and may be related to 
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numerous factors including data acquisition, fil- 
tering of the raw data, the method of count 
normalization, the normal group of patients se- 
lected for data bank entry, or the statistical correc- 
tion applied to the raw polar map data. In our 
laboratory, a pixel in the patient’s polar map is 
considered abnormal if its count activity is >2.5 
standard deviations below the mean count activity 
for the corresponding pixel in the normal data 
bank polar map. Quantitative thallium-201 tomo- 
graphic perfusion defect size is then expressed as 
the percentage of abnormal pixels in the total polar 
map. 

This method of SPECT quantification has been 
previously validated in our laboratory and by other 
investigators in cardiac phantoms, models of ex- 
perimental infarction in animals,” and in humans 
when compared to creatine-kinase-MB infarct siz- 
ing.” In regard to the latter, we recently reported 
that quantitative tomography can accurately esti- 
mate left ventricular infarct size in humans when 
compared to enzymatic estimates of infarct size 
(r = 0.91).” Furthermore, the small intra- and 
interobserver variability inherent in the SPECT 
quantification method makes it minimally observer- 
dependent.'*” In this regard, SPECT can be used 
to estimate left ventricular perfusion defects reli- 
ably, which, in itself, is a great advancement over 
planar scintigraphy. 


SPECT FOR DETECTION OF CORONARY ARTERY 
DISEASE 

Several centers have recently published their 
experience with exercise SPECT for the detection 
of coronary artery disease." All of these studies 
enrolled patients with significant (>50%) coro- 
nary stenosis who were without prior percutaneous 


transluminal coronary angioplasty or coronary ar- 
tery bypass surgery. The prevalence of prior myo- 
cardial infarction varied widely, from 18% to 47%. 
In all of these studies, coronary angiography was 
used as the “gold standard” for assessing the 
sensitivity of SPECT; however, specificity was based 
on whether patients had normal coronary angiogra- 
phy and/or a low risk (<5% likelihood) for coro- 
nary artery disease. Symptom-limited treadmill 
exercise was performed using either the Bruce or 
modified-Bruce protocols. In each study, 32 images 
were acquired over an 180° arc, although the image 
acquisition commenced in either the right anterior 
oblique or left posterior oblique projection. Most 
studies employed general purpose collimation, al- 
though our images were acquired with a high 
resolution collimator. Image reconstruction was 
performed using standard back projection, but 
filtering frequencies and the type of filters em- 
ployed varied in the different studies. The reori- 
ented tomographic slices were analyzed using cir- 
cumferential profiles. Polar maps were generated, 
with statistical correction achieved using normal 
data banks validated at the different centers. 
Pooled data from all the recently published 
exercise SPECT series, in a total of 1,042 patients, 
reveal a 90% (range 82% to 98%) overall sensitiv- 
ity for detecting coronary artery disease (Table I). 
In patients with prior myocardial infarction, it is 
not unexpected that virtually all patients (99%) 
had an abnormal SPECT study; however, even in 
patients without infarction, the sensitivity was high 
(85%). Most patients with single vessel (83%), and 
virtually all patients with double (93%) and triple 
(95%) vessel coronary disease, were identified by 
SPECT. The lower sensitivity for detecting coro- 
nary disease in patients with single vessel com- 


TABLE I Sensitivity and Specificity of Thallium-201 SPECT 


Sensitivity 


Overall No MI 


100% 96% 
(32/32) (48/50) 
100% 92% 


Tamaki’? 98% 
(N = 104) (80/82) 
DePasquale'* 95% 


SVD Specificity 


91% 99% 


Normalcy Rate 


— — — 91% 


(20/22) 
100% 74% 


(N = 210) (170/179) 
Iskandrian‘* 82% 

(N = 461) (224/272) 
Maddahi*® 95% 

(N = 138) (87/92) 
Mahmarian‘® 87% 

(N = 360) (192/221) 
VanTrain’’” 94% 

(N = 318) (185/196) 


Total 90% 
(938/1042) 


*p = 0.0001 vs SVD; tp = 0.0001 vs no MI. 


(47/47) 
98% 
(49/50) 
100% 
(43/43) 
99% 
(73/74) 
100% 
(78/78) 


99%t 


(322/324) 


(123/134) 
78% 
(174/222) 
90% 
(44/49) 
79% 
(68/86) 
90% 
(106/118) 


85% 
(563/659) 


(85/93) 
64% 

(45/70) 
83% 

(15/18) 
84% 


(119/142) 


88% 
(56/64) 


83% 


(320/387) 


(72/73) 


87% 


(93/107) 


97% 


(32/33) 


91% 


(60/66) 


96% 


(69/72) 


93%* 
(326/351) 


(13/13) 
91% 
(86/95) 
98% 
(40/41) 
100% 
(13/13) 
100% 
(60/60) 


95%* 


(212/222) 


(23/31) 
60% 
(35/58) 
56% 
(10/18) 
87% 
(65/75) 
43% 
(15/35) 


70% 


(168/239) 


94% 

(123/131) 

86% 
(24/28) 


82% 
(62/76) 


89% 
(209/235) 


DVD = double vessel disease; MI = myocardial infarction; SPECT = single-photon emission computed tomography; SVD = single vessel disease; TVD = triple vessel disease. 
(Reproduced with permission from the J Am Coll Cardiol. +6) 
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TABLE II Sensitivity (no MI patients) 
Single Double 








Triple 


Vessel Disease Vessel Disease Vessel Disease Overall 


Maddahi!* 70% 94% 
(7/10) (16/17) 
Mahmarian?® 75% 85% 


(46/61) (17/20) 


Total 75% 89%* 
(53/71) (33/37) 


*p = 0.08 vs single vessel disease; tp = 0.01 vs single vessel disease. 





pared to multivessel involvement may be related 
more to stenosis severity and location than to the 
extent of coronary disease. Indeed, in our own 
series, although 23 of 29 patients (79%) with a false 
negative SPECT study had single vessel disease, 
91% of these also had coronary stenoses that were 
of only moderate severity and/or in a mid-distal 
location. Six of 29 patients (21%) with a false 
negative scan had double vessel involvement, and 
67% of these had only moderate coronary stenosis. 
No patient with triple vessel disease went undetec- 
ted. In patients with multivessel disease, there is a 
greater likelihood of having at least one vessel with 
severe (>70%) stenosis and thus an increased 
probability of an abnormal scan. 

In the subgroup of patients without prior infarc- 
tion (Table II), quantitative SPECT identified 
715%, 89%, and 96% of patients with single, double, 
and triple vessel disease, respectively. Further- 
more, all of the patients in our series with > 70% 
coronary stenosis and multivessel disease had an 
abnormal SPECT study, regardless of infarction 
status.” Quantitative SPECT also correctly pre- 
dicted the presence of multivessel involvement in 
most patients (65%) with 2 or more significantly 
(> 50%) stenosed arteries, by identifying perfusion 
defects in multiple vascular territories within the 
polar map.”° 

The detection rate for all vessels, depending on 
the extent of disease, is shown in Table III. Pooled 
data indicate that patients with single vessel dis- 


TABLE Ill Percent Detection of All Vessels, Single Versus Multivessel 





95% 90% 
(21/22) (44/49) 
100% 79% 

(5/5) (68/86) 


96%t 83% 
(26/27) (112/135) 


ease are more likely to have all vessels detected 
(83%) compared with those with double (75%) or 
triple (69%) vessel involvement. However, the 72% 
detection rate for all vessels in patients with 
multivessel disease is quite encouraging when one 
considers the many factors that might preclude the 
development of a perfusion defect within a second 
vascular territory. 

First, since perfusion defects are determined by 
relative differences in thallium uptake by the myo- 
cardium, it is conceivable that a comparatively 
small decrease in thallium uptake in one vascular 
territory might be overshadowed by a severe de- 
crease in uptake within another vascular bed. In 
this example, the mildly abnormal region might 
appear scintigraphically normal. Second, there is 
great heterogeneity in the size of the vascular bed 
supplied by each of the three major coronary 
arteries in a given individual.” For example, a 
large perfusion defect caused by proximal stenosis 
of a left anterior descending artery might extend 
into the lateral wall and so mask a smaller hypoper- 
fused area in the territory of a stenotic obtuse 
marginal artery. Thus, although the patient has 
double vessel disease by coronary angiography, the 
scintigraphic pattern may indicate only one-vessel 
stenosis. Finally, in a patient with multivessel 
disease performing treadmill exercise, the develop- 
ment of ischemia within the vascular territory of a 
coronary artery with severe stenosis might lead to 
premature termination of exercise before the devel- 


Disease 
DVD + TVD 





Tamaki’? 98% 93% 75% 83% 
(39/40) (41/44) (45/60) (86/104) 

DePasquale’* 91% 75% 72% 75% 
(85/93) (110/146) (28/39) (138/185) 

Iskandrian‘* 64% 71% 65% 68% 
(45/70) (153/214) (185/285) (338/499) 

Mahmarian’® 84% 74% 85% 77% 
(119/142) (98/132) (33/39) (131/171) 

Total 83%* 75%t 69% 72% 
(288/345) (402/536) (291/423) (693/959) 


*p <0.004 vs DVD, TVD; tp <0.04 vs TVD. 
Abbreviations same as in Table |. 
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Left Anterior Descending Artery 


Sensitivity 


Specificity 


Right Coronary Artery 


Sensitivity 


Specificity 


Circumflex Artery 


Sensitivity 


Specificity 


Overall 


Sensitivity 


Specificity 


Tamaki” 87% 98% 92% 93% 78% 96% 87% 95% 
(55/63) (40/41) (45/49) (51/55) (25/32) (69/72) (125/144) (160/168) 
DePasquale’* 78% 83% 89% 87% 65% 95% 79% 89% 
(75/96) (95/114) (93/104) (92/106) (51/78) (125/132) (219/278) (312/352) 
Maddahi’° 78% 85% 82% 71% 79% 60% 80% 71% 
(60/77) (28/33) (56/68) (30/42) (49/62) (29/48) (165/207) (87/123) 
Mahmarian’® 81% 92% 75% 99% 77% 91% 77% 93% 
(79/98) (130/142) (103/137) (145/147) (60/78) (178/196) (242/313) (453/485) 
VanTrain’” 78% 63% 84% 62% 68% 68% 77% 65% 
(115/148) (59/94) (118/141) (63/101) (66/97) (98/145) (299/386) (220/340) 
Total 80%* 83% 83%t 84% 72% 84% 79% 84% 
(384/482) (352/424) (415/499) (381/451) (251/347) (499/593) (1,050/1,328) (1,232/1,468) 


*p = 0.01 vs circumflex; tp = 0.005 vs circumflex. 


opment of ischemia in other vascular beds, thus 
decreasing the likelihood of uncovering multiple 
perfusion abnormalities. 

Despite these caveats, in our patients with 
>70% stenosis, multivessel involvement was cor- 
rectly predicted with high accuracy both in the 
overall group (76%) and in those patients without 
prior infarction (75%). Thus, the large data base 
compiled from our own and other laboratories 
would indicate that SPECT is a highly sensitive 
technique for assessing the presence and extent of 
coronary artery disease, even in patients without 
prior infarction. The tomographic technique may 
also be particularly helpful in the detection of 
individual vessel stenoses, which would be a clear 
advantage over planar scintigraphy. The pooled 
data for individual vessel detection are shown in 
Tables IV and V. Overall, 1,050 of 1,328 vessels 
(79%) were correctly identified by SPECT, includ- 
ing 80% of left anterior descending, 83% of right, 
and 72% of circumflex coronary arteries. 

SPECT identified significantly more left ante- 
rior descending and right coronary artery stenoses 
than circumflex stenoses. The sensitivities re- 
mained comparably high for patients without prior 


infarction and were 76%, 80%, and 70% for the 
left anterior descending, right, and circumflex cor- 
onary arteries, respectively (Table V). From our 
analysis of patients with severe (>70%) stenosis 
and no prior infarction, sensitivities for individual 
vessel detection were 89% for the left anterior 
descending, 77% for the right, and 87% for the 
circumflex coronary arteries, with an overall detec- 
tion rate of 82%. 


INFLUENCE OF STENOSIS SEVERITY ON SPECT 
SENSITIVITY 

The sensitivity of SPECT for detecting individ- 
ual vessel stenosis as it relates to stenosis severity is 
shown in Table VI. Pooled data from several 
studies indicate an increasing likelihood of scinti- 
graphic abnormalities with increasing grades of 
stenosis severity. This is not surprising, since the 
development of perfusion defects is contingent on 
differences in relative myocardial uptake of thal- 
lium-201, which is dependent on dynamic changes 
in coronary flow during exercise. Thus, coronary 
flow may increase 2- to 2.5-fold in a normal artery 
during exercise due to coronary arteriolar dilation; 
whereas in a vessel with severe stenosis, flow may 


TABLE V Individual Vessel Detection (no MI patients) > 50% Stenosis 


Left Anterior 
Descending Artery 


Right Coronary 


Artery Circumflex Artery Overall 


Tamaki‘? 


DePasquale’® 


Maddahi!® 


Mahmarian?ê 


VanTrain” 


Total 


*p = 0.007 vs circumflex. 


84% 


(32/38) 


81% 


(83/103) 


68% 


(27/40) 


71% 


(24/34) 


72% 


(62/86) 


76% 
(228/301) 


90% 
(28/31) 
90% 
(89/99) 
75% 
(24/32) 
63% 
(33/52) 
78% 
(65/83) 


80% 
(239/297) 
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74% 
(14/19) 
64%* 
(37/58) 
76% 
(29/38) 
79% 
(23/29) 
67% 
(42/63) 


70% 
(145/207) 


84% 
(74/88) 
80% 
(209/260) 
73% 
(80/110) 
70% 
(80/115) 
73% 
(169/232) 


76% 
(612/805) 





TABLE VI Vessel Detection vs Stenosis Severity 


Insignificant Moderate Severe 


Tamaki!?* 81% 

(13/16) 
67% 

(91/135) 

20% 55% 88% 

(53/265) (56/101) (186/212) 

45% — — 

(5/11) 


21% 
(58/276) 


*51% to 75% stenosis (moderate); > 76% stenosis (severe); 50% to 74% stenosis 
(moderate); > 75% stenosis (severe); '26% to 50% stenosis (insignificant); 51% to 
69% stenosis (moderate); > 70% stenosis (severe); 30% to 50% stenosis (insignifi- 
cant); Ip = 0.0001 vs insignificant; ‘p = 0.0001 vs moderate, insignificant. 


90% 
(65/72) 

88% 

(148/168) 


DePasquale!*' 
Mahmarian!* 


VanTrain?”$ 


88%" 
(399/452) 


63%! 
(160/252) 


Total 





increase only minimally, since the vessel is already 
maximally dilated in order to maintain resting 
coronary flow. 

The ability to increase coronary flow by distal 
vasodilation is the coronary flow reserve, which 
tends to decrease as the percent diameter stenosis 
increases. This is generally true in patients with 
focal, limited coronary artery disease; however, in 
patients with diffuse atherosclerosis, the reduction 
in flow reserve may be quite variable, particularly 
when there is only moderate vessel stenosis as 
assessed by coronary arteriography.” Since coro- 
nary angiography cannot determine the extent of 
diffuse arterial narrowing, the technique is unable 
to predict which moderate stenoses will exhibit 
abnormal coronary flow reserve. For example, a 
50% stenosis in an otherwise normal artery may 
not be functionally important, whereas a 50% focal 
stenosis in a diffusely diseased vessel may signifi- 
cantly decrease coronary flow. Thus, functional 
and anatomic assessments of coronary artery dis- 
ease would not necessarily show a high degree of 
concordance for normal or abnormal results, espe- 
cially in vessels with moderate stenosis. The 63% 
overall sensitivity for detecting moderate vessel 
stenosis is most likely an underestimation, because 
perfusion abnormalities were predicted to develop 
based only on the anatomic severity of stenosis 
estimated by coronary angiography, rather than by 
a functional assessment of impaired coronary flow, 
such as coronary flow reserve. 


SPECIFICITY OF SPECT 

The overall specificity of SPECT determined in 
individuals with angiographically normal coronary 
arteries is shown in Table I. Specificity ranged from 
a low of 43% in the study by VanTrain et al” up to 
91% in the series by Tamaki et al.? The wide 
disparity in specificity most likely results not only 
from the differences in imaging systems used at the 
various study centers—and the normal data banks 


used for statistical correction of the raw polar map 
information—but also from differences in the pa- 
tient population considered normal in these pub- 
lished series. Postscan referral bias is often said to 
be an important determinant of low specificity, and 
refers to the clinical situation where “normal” 
patients with an abnormal (false-positive) perfu- 
sion study are more likely to undergo cardiac 
catheterization than the much larger group of 
patients who have a normal scan. In this respect, 
when compiling data on normal patients who have 
had both tomography and cardiac catheterization 
within a close temporal association, the population 
is strongly biased in favor of the potentially “false- 
positive” group. In our study,”° specificity was well 
maintained at 87% but also tended to be lower for 
the normal patients with tomography before (81%) 
rather than after (93%) cardiac catheterization. 
For this reason, several centers have considered 
replacing specificity based on a normal coronary 
arteriogram with that based on a patient popula- 
tion with <5% likelihood of coronary artery dis- 
ease—the so-called “normalcy rate.’’*'*” The spec- 
ificity defined from the normalcy rate is higher 
(89%) than that based on coronary angiography 
(70%). 

Other potential factors affecting specificity are 
photon attenuation within the chest of females 
with large breasts or in large male patients; unrec- 
ognized abnormal coronary flow reserve in patients 
with or without small vessel disease; and technical 
factors, which include motion artifacts, diaphrag- 
matic creep, and reconstruction artifacts that can 
be caused by axis-of-rotation errors during tomo- 
graphic acquisition. Recognizing these factors may 
help improve overall specificity and diagnostic 
accuracy in a technique that is already highly 
sensitive for the detection of coronary artery dis- 
ease. 


INFLUENCE OF EXERCISE PERFORMANCE ON 
THE DETECTION OF CORONARY ARTERY 
DISEASE 

There are few studies in the literature where the 
sensitivity of SPECT has been evaluated with 
respect to the intensity of treadmill exercise (Table 
VII). Iskandrian et al’ recently reported their 
results in 272 patients with coronary artery disease. 
The patient population was divided into two groups: 
(a) those patients who had a positive exercise 
electrocardiogram for ischemia and/or achieved 
> 85% of their predicted target heart rate (Group 
1); or (b) those who performed submaximal exer- 
cise (<85% predicted target heart rate) and did 
not have a positive stress electrocardiogram (Group 
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Iskandrian et al! 
Target Heart Rate 


>85%* 


73% 88% 
(79/108) 
52% 
(16/31) 
84% 
(32/38) 
79% 
(31/39) 


67% 
(58/87) 


Overall 


SVD 74% 


88% 


98% 


86% 


*and/or a positive electrocardiogram for ischemia. 
tp <0.002 vs. <85%; 'p <0.05 vs. <85%. 
Abbreviations same as in Table |. 


2). Baseline characteristics between the two groups 
were similar except that Group 1 patients achieved 
a greater exercise workload, heart rate, and systolic 
blood pressure than those in Group 2, who were 
more frequently on nitrates and calcium channel 
blockers. A similar incidence of prior myocardial 
infarction was found in both groups (Group 1: 45% 
vs Group 2: 48%). 

The sensitivity of SPECT was higher in Group 1 
than in Group 2 patients (88% vs 73%, p <0.002) 
and in those with single vessel and triple vessel 
disease (Table VII). Similar results were observed 
in patients without prior myocardial infarction. 
Furthermore, significantly more Group 1 than 
Group 2 patients had evidence of myocardial 
ischemia by SPECT (126 of 164 or 77%, vs 55 of 
108 or 51%, p=0.0001, respectively). These data 
would imply that patients achieving 85% of their 
predicted target heart rate will more often have an 
abnormal SPECT study than those performing 
only submaximal exercise. However, this conclu- 
sion is drawn from data weighted strongly in favor 
of Group 1, since most (92%) patients with a 
positive stress electrocardiogram (all assigned to 
Group 1) had an abnormal SPECT study, com- 
pared to only 77% of patients with a normal, and 
76% with an inconclusive, stress electrocardiogram 
(all assigned to Group 2). Furthermore, the major- 
ity (63%) of Group 1 patients had a positive 
electrocardiogram at some level of exercise, whereas 
only 29% had a normal, and 8% had an inconclu- 
sive, exercise electrocardiogram. 

In our recent analysis,“ we reported that in the 
221 coronary patients with either a normal or 


(145/164)' 
(29/39) 
(61/69) 


(55/56)' 


(116/135)' 





Mahmarian et al'® 
Target Heart Rate 


87% 
(97/112) 
84% 
(62/74) 
91% 
(30/33) 
100% 
(5/5) 


79% 
(37/47) 
79% 
(27/34) 
75% 

(9/12) 
100% 
(1/1) 


87% 
(95/109) 

84% 
(57/68) 

90% 
(28/31) 
100% 
(10/10) 


79% 
(31/39) 
70% 
(19/27) 

100% 
(8/8) 
100% 
(4/4) 





abnormal SPECT study, minimal differences in 
exercise parameters could be detected (Table VIII). 
In addition, the sensitivity for detecting coronary 
artery disease was identical (87%) in the patients 
who achieved >85% or <85% of their predicted 
heart rate, regardless of the extent of coronary 
artery disease or the influence of prior myocardial 
infarction (Table VII). In fact, the number of 
significantly stenosed vessels identified in patients 
without infarction tended to be greater in those 
achieving <85% (81%) versus >85% (67%) of 
predicted heart rate. This result may be influenced, 
however, by the larger percentage of vessels with 
severe stenosis in patients achieving <85% (74%) 
vs >85% (52%; p = 0.08) target heart rate during 
symptom-limited treadmill exercise. Univariate and 
stepwise regression analyses identified the pres- 
ence of electrocardiographic ischemia (F = 13.14, 
p = 0.0005), the severity of coronary stenosis (F = 


TABLE Vill. Treadmill Exercise Results in Patients with 
Coronary Artery Disease 


Quantitative SPECT 


Abnormal 
(n = 192) . 


Fik® 2:3 
139 + 22 
83 +13 
169 + 23* 158 + 25 
91+ 16 86+ 15 
23,869 + 5,919 22,183 + 5,530 


Normal 
(n = 29) 


6.6 + 2.2 
140 + 23 
86 +11 


Exercise time (min) 
Heart rate (beats/min) 
% target heart rate 
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mmHg) 
Rate-pressure product 

(HR x SBP) 


iP < 0.05 patients with normal vs abnormal quantitative SPECT. 
R = heart rate; SBP = systolic blood pressure; SPECT = single-photon emission 
computed tomography. 

Modified from Mahmarian et al.'® 
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11.3, p = 0.001), and male sex (F = 4.96, p = 0.03) 
as being the only predictors of an abnormal SPECT 
study in our patients without infarction. None of 
the exercise variables contributed toward predict- 
ing which patients would have an abnormal tomo- 
graphic study. These data agree with published 
results using quantitative planar scintigraphy,” and 
would imply that in patients performing symptom- 
limited exercise, the sensitivity for detecting coro- 
nary artery disease with SPECT may not be strongly 
dependent on the intensity of exercise. This is not 
to say, however, that increments in exercise inten- 
sity in individual patients up to a symptom-limited 
capacity might not improve the detection of perfu- 
sion abnormalities. 


CLINICAL IMPLICATIONS OF SPECT 
PERFUSION IMAGING 

With the introduction of quantitative exercise 
SPECT imaging, we can now estimate the extent 
and location of abnormally perfused myocardium 
with greater accuracy than that achieved with 
planar imaging. Furthermore, since SPECT is more 
sensitive than planar imaging for detecting individ- 
ual vessel stenoses, patients with less extensive 
coronary artery disease may be identified earlier. 
This may be particularly important for patients 
with otherwise asymptomatic coronary artery dis- 
ease who frequently have episodes of silent myocar- 
dial ischemia. We“ and others*’** have recently 
reported that the extent and severity of coronary 
artery disease as well as the extent of jeopardized 
myocardium is as great in asymptomatic as in 
symptomatic patients during treadmill testing. Since 
patients with symptomatic and silent myocardial 
ischemia generally have a comparably poor progno- 
sis, it would seem desirable to identify these latter 
patients.” We have shown that although the 
stress electrocardiogram is as sensitive as SPECT 
for identifying ischemia in patients with exertional 
angina, SPECT has far greater sensitivity for detect- 
ing silent ischemia.” 

Exercise SPECT may also play an important 
role in risk-stratifying patients after myocardial 
infarction. Previous studies with quantitative pla- 
nar scintigraphy have demonstrated that perfusion 
imaging—presumably by identifying postinfarction 
ischemia—better detects patients who will subse- 
quently develop cardiac events than the submaxi- 
mal exercise electrocardiogram or the coronary 
angiographic findings.” Since SPECT has the poten- 
tial, through quantitative analysis, for not only 
reliably identifying myocardial ischemia but also its 
extent and severity, the technique may offer further 


refinements for risk stratification. This is particu- 


larly pertinent in the present thrombolytic era for 
treating myocardial infarction, since these patients 
generally have a greater prevalence of residual 
myocardial ischemia.°°™ 

The ability to quantify myocardial perfusion 
defects with SPECT may have important implica- 
tions for assessing the functional significance of 
coronary stenoses, particularly when there is only 
single vessel involvement. We* and others*'*” have 
shown a marked heterogeneity in the extent of 
abnormally perfused, jeopardized myocardium in 
patients with single vessel disease who have coro- 
nary stenoses of similar anatomic severity and 
location. For example, in our patients without 
myocardial infarction who had severe (>70%) 
proximal left anterior descending coronary artery 
stenoses by angiography, perfusion defects were 
shown to range from as little as 7% to as much as 
44% of the left ventricle. Furthermore, although 
patients with multivessel coronary disease may 
have a higher cardiac event rate than those with 
single vessel involvement, the angiographic informa- 
tion cannot precisely identify which of the latter 
patients are at high risk. 

Previous studies with planar scintigraphy have 
shown that patients with a normal thallium exercise 
perfusion scan, despite the presence of coronary 
artery disease, are at extremely low risk (<1% 
per year) for subsequent cardiac events”; 
however, patients with extensive and/or severe 
myocardial hypoperfusion, 50° or those with 
increased thallium-201 lung uptake," have 
a poor prognosis with a high prevalence of future 
events. Presumably, aggressive therapy such as 
angioplasty or coronary bypass surgery might be 
reserved for patients with a substantial degree of 
jeopardized myocardium as quantified by exercise 
thallium-201 SPECT. 

Another important application of tomographic 
imaging is assessing the effects of therapeutic 
interventions. Scintigraphic perfusion defects have 
been shown to resolve after revascularization pro- 
cedures such as coronary artery bypass surgery” 
and percutaneous transluminal coronary angio- 
plasty. >= Furthermore, scintigraphic evidence 
of ischemia in patients after angiographically suc- 
cessful balloon dilation portends a high rate of 
coronary restenosis.“ The use of SPECT may 
also be helpful in objectively evaluating whether 
medical therapy can decrease the extent and/or 
severity of abnormal myocardial perfusion in pa- 
tients with significant coronary artery disease. Ran- 
domized prospective trials are still needed, how- 
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= 


ever, to determine whether the defect size 
quantified by thallium-201 tomography has prognos- 
tic importance, and whether therapeutic interven- 
tions that reduce the extent and severity of jeopar- 
dized myocardium can favorably alter prognosis. 
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Myocardial Perfusion Scintigraphy During 


Maximal Coronary Artery Vasodilation 
with Adenosine 


Mario S. Verani, MD, and John J. Mahmarian, MD 


Pharmacologic coronary vasodilation as an ad- 
junct to thallium-201 myocardial perfusion scin- 
tigraphy provides an important alternative form 
of stress that has been increasingly used in pa- 
tients unable to perform an exercise stress test. 
Although dipyridamole has traditionally been 
used for this purpose, there are several compel- 
ling reasons why adenosine may be a preferable 
agent. First, dipyridamole acts by blocking the 
reuptake and transport of adenosine, which is 
the effective substance responsible for coronary 
vasodilation. Second, exogenous adenosine has 
a very short half-life ( < 2 seconds), which ex- 
plains its very short duration of action as well as 
the brief, self-limiting duration of its side effects. 
Third, the adenosine infusion is controllable and 
may be increased or decreased as desired. 
Fourth, the coronary vasodilation induced by the 
doses of adenosine we recommend (140 .g/kg/ 
min) may be more profound than that induced by 
the standard dipyridamole dose. 

Our experience to date, with nearly 1,000 pa- 
tients studied, shows the adenosine thallium-201 
test to be practical and well tolerated, with high 
sensitivity (87%) and specificity (94%) for detect- 
ing coronary artery disease. 

(Am J Cardiol 1991;67:12D—17D) 
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xercise thallium-201 myocardial perfusion 
| Re is currently the major noninva- 

sive diagnostic method for assessing coro- 
nary artery disease (CAD). In patients unable to 
perform an exercise test, pharmacologic coronary 
vasodilation with dipyridamole has been used suc- 
cessfully in combination with thallium scintigraphy 
as an alternative method to diagnose and risk- 
stratify patients with suspected CAD, recent 
myocardial infarction,’ and those undergoing ma- 
jor vascular surgeries." 

Although dipyridamole thallium scintigraphy is 
generally a safe test, it causes frequent side effects, 
which at times can be life-threatening.”"’ Since the 
drug’s duration of action is 15-30 minutes when 
given by intravenous (i.v.) administration, and 
several hours when given orally, it is often neces- 
sary to use aminophylline as an antidote to counter- 
act the side effects of dipyridamole. Moreover, 
after the standard dose, the blood levels of dipyrida- 
mole vary widely.’ A more serious concern is that 
dipyridamole does not elicit maximal coronary 
vasodilation in a substantial number (perhaps 15% 
to 20%) of patients receiving the usual i.v. dose.” 

Because of the limitations of dipyridamole, we 
recently evaluated adenosine for inducing maxi- 
mal, controlled coronary vasodilation during thal- 
lium-201 scintigraphy. 


MECHANISM OF PHARMACOLOGICAL 
VASODILATION 

Adenosine (6-amino-9-B-D-ribofuranosyl-9H- 
purine) is a small heterocyclic molecule (molecular 
weight 267.25) with a purine base (Figure 1) that is 
ubiquitous in tissues and has several important 
physiologic properties, including regulation of cor- 
onary blood flow.” The synthesis, transport, mech- 
anism of action, and metabolism of adenosine are 
illustrated in Figure 2. Adenosine is produced 
intracellularly through two routes: the S-adenosyl 
homocysteine and the adenosine triphosphate 
(ATP) pathways. The latter is especially important 
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FIGURE 1. Adenosine chemical structure. 





during myocardial ischemia, where early break- 
down of ATP produces adenosine. Adenosine is 
then transported across the cell membrane by a 
carrier-mediated mechanism, and once outside the 
cell, it activates specific membrane (Al and A2) 
receptors. In the smooth muscle of blood vessels, 
A2 receptor activation leads to adenylate cyclase 
activation, decrease in the slow inward calcium 
current, and subsequent smooth muscle relaxation 
and vasodilation. In the sinus and atrioventricular 
(AV) nodes of the heart, Al receptor activation 
inhibits adenylate cyclase and potassium channels, 
which decreases sinus node automaticity and AV 
conduction velocity. 

Extracellular adenosine is rapidly transported 
back into the cell (or, in the case of blood vessels, 
may be taken up by erythrocytes); it is then rapidly 
metabolized to inosine and uric acid by the enzyme 
adenosine deaminase, phosphorylated to adeno- 
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sine monophosphate by the enzyme adenosine 


kinase, or conjugated to homocysteine to form 
S-adenosyl homocysteine. 

The site of action of the methylxanthines (such 
as aminophylline and caffeine) is also illustrated in 
Figure 2. These drugs competitively block adeno- 
sine receptors and thus prevent their activation. 
This is how aminophylline and caffeine effectively 
neutralize the effects of adenosine or dipyrida- 
mole. Dipyridamole blocks the reuptake and trans- 
port of adenosine (thus increasing its concentra- 
tion in the extracellular fluid) and promotes further 
activation of available receptors. Therefore, the 
coronary vasodilatory effect of dipyridamole is 
indirect and depends on an increase in tissue 
adenosine levels. Furthermore, dipyridamole may 
excessively elevate extracellular adenosine levels 
during exogenous adenosine infusion by blocking 
the transport of adenosine into cells. 

Exogenous adenosine has an extremely short 
half-life in the blood (<2 seconds),'° and hence 
needs to be administered as a continuous infusion 
in order to maintain the increase in coronary blood 
flow for a few minutes before and after the thallium- 
201 injection. The degree of coronary vasodilation 
produced by exogenous adenosine is discussed by 
Wilson et al in this issue. Suffice it to say that 
coronary blood flow velocity increases by 4- to 
5-fold in the normal coronary arteries and to a 
much lesser extent in coronary arteries with signifi- 
cant stenosis (>50% of luminal diameter) at an 
adenosine infusion rate of 140 g/kg/min. Conse- 
quently, myocardial thallium-201 uptake is higher 
in regions perfused by normal arteries than in 
those perfused by vessels with significant stenosis. 
As with exercise or dipyridamole thallium scintigra- 
phy, redistribution of thallium and subsequent 
filling-in of perfusion defects not due to previous 
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infarction occurs often (but not always) within 
several hours after adenosine administration. 


ADENOSINE THALLIUM-201 SCINTIGRAPHY: 
ANIMAL EXPERIMENTATION 

Strauss and Pitt” were the first to propose the 
use of coronary vasodilation in conjunction with 
myocardial perfusion imaging. They documented 
the heterogeneity of myocardial blood flow and 
thallium-201 uptake in dogs with experimental 
coronary stenosis during dimethyladenosine admin- 
istration. Subsequently, Leppo et alë demon- 
strated in dogs with experimental coronary stenosis 
that adenosine could induce transient thallium-201 
perfusion defects. However, because a purified 
form of adenosine for human use was not yet 
available, and in view of concerns that the drug 
could induce myocardial ischemia due to coronary 
steal,” the test was not applied to human subjects. 


ADENOSINE THALLIUM-201 SCINTIGRAPHY: 
TECHNICAL CONSIDERATIONS 

Although a vast literature was available on the 
physiology and pharmacology of adenosine when 
we first became interested in testing it for myocar- 
dial perfusion imaging, there was only limited 
information regarding its actions in human beings, 
and no information on its safety or dosage in 
patients with coronary artery disease. Pioneering 
work by Swedish investigators, who used adenosine 
to obtain controlled hypotension during cerebral 
aneurysm surgery, demonstrated that the drug 
significantly increased heart rate, cardiac output, 
and cerebral and coronary blood flows, but de- 
creased systemic arterial pressure. More impor- 
tant, even i.v. doses as high as 530 wg/kg/min were 
shown to be well tolerated in anesthetized human 
subjects.” Studies in normal volunteers with i.v. 
bolus administration, however, indicated a dose- 
related occurrence of chest pain and AV block. 
These actions of adenosine were, as expected, 
potentiated by prior dipyridamole administra- 
tion.” 

On the basis of the above considerations, as well 
as preliminary information in humans indicating 
that maximal or near-maximal coronary vasodila- 
tion occurred at i.v. adenosine doses up to 140 
ug/kg/min (Robert Wilson, personal communica- 
tion), we elected to titrate the adenosine infusion 
from 50 up to 140 g/kg/min at 1-min increments. 
Our protocol also called for reduction of the 
infusion dose if intolerable side effects resulted 
with the high doses.” 

Adenosine (Adenoscan) was supplied by Medco 
Research (Los Angeles, CA, USA) and was diluted 


with normal saline to provide a concentration of 
2.4 mg/ml. The drug was infused by a computer- 
controlled volumetric infusion pump (Flo-gard 
8000, Travenol Laboratories, Deerfield, IL, USA). 
Thallium-201 (3 mCi) was always injected in a 
separate vein after 1 minute at the highest adeno- 
sine infusion dose, which was subsequently main- 
tained for 3 additional minutes. Gamma camera 
imaging was started 5-10 minutes after the thal- 
lium administration and repeated 3-5 hours later, 
and in selected cases, also 12-24 hours later. The 
patient’s blood pressure and electrocardiogram 
were monitored throughout the study. 

Two technical caveats are worth mentioning: (a) 
Our preference up to this point is to inject thallium- 
201 into a separate vein, so as to avoid a bolus 
infusion of adenosine, which could possibly result 
in a higher frequency of AV block and other 
symptoms. Other systems, incorporating single-site 
infusion, are being explored. (b) The physician, 
nurse, or technician monitoring the test must resist 
the temptation to measure the arterial blood pres- 
sure in the same arm where adenosine is being 
infused, because this will temporarily interrupt the 
infusion and may result in an adenosine bolus if the 
cuff is abruptly deflated. 

After we had studied over 100 patients using the 
titration method and were satisfied with its safety, 
the protocol was changed to a 6-min infusion at a 
fixed rate of 140 g/kg/min. However, in patients 
considered to be at high risk for potential side 
effects (i.e., those with baseline hypotension, first 
degree AV block, chronic obstructive lung disease, 
recent myocardial infarction, documented severe 
3-vessel CAD, or left main stenosis), we continue 
to use the gradual adenosine titration method. 


STUDY FINDINGS l 

Hemodynamics during adenosine infusion: 
Adenosine caused a significant, albeit modest, 
decrease in systolic and diastolic blood pressures 
and an increase in heart rate.” The fall in blood 
pressure was only significant at the highest infusion 
dose, whereas the heart rate increased significantly 
at 75 wg/kg/min and maximally at 140 g/kg/min. 
This suggested that the increase in heart rate was 
not secondary to a reflex fall in blood pressure, but 
rather to the well-known vagolytic effect of adeno- 
sine. These hemodynamic changes were well toler- 
ated, very transient, and typically resolved within 1 
or 2 minutes of discontinuing the adenosine infu- 
sion. 

Side effects during adenosine infusion: Side 
effects were common and included a 57% inci- 
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dence of pain in the chest, throat, jaw, or arm. 
Typical angina, however, occurred in only one- 
third of the patients. Headache occurred in 35%, 
cutaneous flushing in 29%, and dyspnea in 15% of 
patients. All of these side effects can be attributed 
to the potent vasodilator action of adenosine, with 
the exception of dyspnea, which probably results 
from the primary hyperventilation induced by aden- 
Osine interaction with the carotid chemoreceptors. 
Though frequent, the side effects were well toler- 
ated by the majority of patients and disappeared 
within 1 or 2 minutes after discontinuing the 
adenosine infusion. 

Ischemic electrocardiographic changes occurred 
in 12% of our patients, most of whom had transient 
perfusion defects with thallium-201 tomography. 
All patients with ischemic electrocardiographic 
changes had significant, angiographically docu- 
mented CAD. Transient first degree AV block 
occurred in 10% of our patients and fleeting 
second degree AV block in one of our original 89 
patients. 

Sensitivity and specificity of adenosine thal- 
lium-201 scintigraphy: We performed single- 
photon emission computed tomography (SPECT) 
using techniques previously reported from our 
laboratory” to quantify the myocardial distribu- 
tion of thallium-201. Our sensitivity and specificity 
were 86% and 94%, respectively. The sensitivity 
was 73%, 90%, and 100% in patients with 1-, 2-, or 
3-vessel disease, respectively. Total or partial fill- 
ing-in at 3-5 hours occurred in 81% of the patients 
with perfusion defects present immediately after 
adenosine. The sensitivity and specificity values 
were comparable to those we reported using exer- 
cise” or dipyridamole thallium-201 tomography.” 
The quality of the images was excellent due to the 
high myocardial and concomitant low lung thallium- 
201 uptake. 


FIGURE 3. Distribution of exercise, dipy- 
ridamole and adenosine thallium scans. 
The scale for exercise tests is on the 
right and that for the pharmacologic 
agents on the left. In 1989, approxi- 
mately 25% of all thallium scans were 
done using pharmacologic stress. 





CONTRAINDICATIONS TO ADENOSINE 
INFUSION 

We have not administered adenosine to patients 
with a history of asthma or to those with severe 
chronic obstructive pulmonary disease requiring 
bronchodilators. Two lines of evidence suggest that 
adenosine may potentially precipitate broncho- 
spasm in these patients: (a) patients receiving 
dipyridamole occasionally develop severe broncho- 
spasm'’’*; and (b) inhaled adenosine increases 
airway resistance in asthmatics but not in normal 
subjects. Although it could be argued that adeno- 
sine may be safer than dipyridamole in these 
patients, due to its ultrashort half-life, this remains 
speculative. We have also excluded patients with 
sick sinus syndrome from our studies, as adenosine 
may excessively slow the sinus and AV nodes. 
Patients with second or third degree AV block are 
excluded from our protocol unless they have a 
ventricular pacemaker in place. Patients with unsta- 
ble angina or those experiencing acute infarction 
should be studied very cautiously, if at all. How- 
ever, we have recently studied over 100 patients an 
average of 5 days after myocardial infarction and 
have found a similar frequency and severity of side 
effects in patients with and without recent infarc- 
tion.” Finally, patients should not be studied for at 
least 12 hours after a dose of dipyridamole since it 
potentiates the effects of adenosine. Obviously, 
patients using theophylline compounds or caffeine 
(including coffee on the morning of the test) 
should not be studied, because these drugs compet- 
itively block the adenosine receptors and, thus, 
may invalidate the test. 


HOW OFTEN ARE PHARMACOLOGIC 
THALLIUM-201 SCANS NEEDED? 

At present, candidates for pharmacologic thal- 
lium-201 perfusion imaging are those unable to 
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perform an exercise test, usually because of various 
physical impediments (e.g., claudication, arthritis, 
amputation, limb paralysis) or those at risk for 
vascular bleeding during exercise (i.e., patients 
with large cerebral or aortic aneurysms or aortic 
dissection). The distribution frequency of exercise 
and pharmacologic thallium scintigraphy in our 
laboratory over the past 6 years is summarized in 
Fig. 3. Dipyridamole imaging has been performed 
at our institution since 1985, using the oral prepara- 
tion exclusively.” For the past 3 years, we have 
performed slightly over 200 dipyridamole scans per 
year. We introduced adenosine scintigraphy at the 
end of 1988, and in 1989, 430 adenosine studies 
were performed. This number reflects not only our 
research interest in this drug but also an increasing 
number of requests for adenosine thallium scinti- 
graphy by practicing cardiologists in our hospital, 
due to its convenience, safety, and diagnostic 
power. 

A case can be made for extending the indica- 
tions for pharmacologic rather than exercise-stress 
thallium-201 scintigraphy to patients who cannot 
perform an adequate exercise test because of poor 
exercise tolerance, sedentariness, or the blunting 
effect of B blockers on the heart rate response to 
exercise. We have recently examined the frequency 
of submaximal ( <85% of predicted heart rate) 
exercise tests in patients who underwent exercise 
thallium-201 scintigraphy in our laboratory over 
the past 5 years (Figure 4). Approximately one 
quarter of our patients had a submaximal exercise 
test. For the subgroup of inpatients only (not 
shown in the figure), approximately one-half had 
submaximal exercise tests, whereas the majority of 
outpatients had an adequate stress test. One might 
speculate that a pharmacologic test would yield 
more clinically useful myocardial perfusion informa- 
tion than that provided by a submaximal exercise 
test. 


[_} Total Studies 





FIGURE 4. The percent of submaximal 
exercise tests during thallium-201 sin- 
gle-photon emission computed tomog- 
raphy (SPECT) has remained fairly con- 
stant in our laboratories over the past 5 
years. The data combine inpatients and 
outpatients; in the former, submaximal 
tests occurred in over 50% of the pa- 
tients. 
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In summary, our present experience with over 
1,000 cases of adenosine thallium-201 scintigraphy 
has demonstrated that this is a safe, well-tolerated, 
convenient, and accurate test for the diagnosis of 
CAD. Adenosine administration should be equally 
effective when used in combination with the new 
technetium-99m myocardial perfusion agents or in 
association with positron emission tomography. 
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Dipyridamole Thallium Imaging 
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Dipyridamole cardiac imaging is a useful alterna- 
tive to exercise stress testing in the evaluation of 
patients with ischemic heart disease. Intrave- 
nous dipyridamole has been approved recently 
for clinical use. Oral dipyridamole is widely avail- 
able. The hemodynamic effects of dipyridamole 
include an increase in coronary blood flow in ex- 
cess of the increase in myocardial oxygen con- 
sumption and cardiac output. The quality of the 
thallium images is better or similar to that of ex- 
ercise thallium images. The optimal dose of intra- 
venous dipyridamole is 0.56 mg/kg and the opti- 
mal oral dose is 300—375 mg, although higher 
doses may be necessary in some patients. The 
sensitivity and specificity of dipyridamole—thal- 
lium imaging, whether intravenous or oral, have 
been shown in a number of studies to be quite 
adequate and comparable to that achieved dur- 
ing exercise thallium imaging. Dipyridamole—thal- 
lium imaging has also been useful in identifying 
high-risk patients undergoing major elective vas- 
cular surgery. The relative merits of dipyridamole 
imaging versus exercise testing after acute myo- 
cardial infarction require further studies. 

(Am J Cardiol 1991;67:18D—26D) 
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ated for many years as an alternative to 

exercise testing in the assessment of coro- 
nary artery disease (CAD). Extensive studies of 
dipyridamole began in the late 1970s, and there 
now exists a large body of experience with this 
agent in animals and humans. 


JP iea to ma stress testing has been evalu- 


MODES OF ACTION 

Dipyridamole acts as a coronary vasodilator 
predominantly by its effect on the small resistance 
vessels of the coronary bed.' The mechanism ap- 
pears to be related to the increased level of 
endogenous adenosine, a potent coronary arterio- 
lar vasodilator. The primary action of dipyridamole 
is to inhibit the cellular reuptake of adenosine and 
metabolism by adenosine deaminase, thus increas- 
ing the interstitial adenosine concentration. Other 
mechanisms include inhibition of phosphodi- 
esterase and increased prostacyclin synthesis.” 

A recent report suggests that adenosine inter- 
acts with adenosine Al receptors on vascular 
smooth muscle cells and activates particulate gua- 
nylate cyclase to increase cyclic guanosine mono- 
phosphate (cGMP) production, which ultimately 
leads to vasorelaxation by complex mechanisms of 
signal transduction.’ Adenosine was also found to 
stimulate production of inositol phosphatase, which 
breaks down inositol trisphosphate, a second mes- 
senger mediating intracellular calcium release and 
smooth muscle contraction. 

The effect of adenosine is antagonized by amino- 
phylline, through direct competitive inhibition. 
Aminophylline given intravenously or directly into 
the coronary artery has been found to inhibit the 
effects of dipyridamole, which suggests that the 
antagonistic effect is related to its direct action on 
the small muscle layer of the coronary vessels.’ This 
antagonistic effect makes aminophylline the drug 
of choice for the treatment of side effects due to 
dipyridamole. Because aminophylline competes 
directly with adenosine at the receptor level, plasma 
adenosine levels tend to rise after administration 
of aminophylline, as adenosine is displaced from 
the receptors by aminophylline. 

Dipyridamole is metabolized via hepatic 
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biotransformation with primary biliary and fecal 
excretion; only small amounts are excreted in the 
urine. Therefore, dipyridamole should be used 
cautiously in patients with severe hepatic dysfunc- 
tion.° 


HEMODYNAMIC EFFECTS 

Coronary, hemodynamic, and metabolic changes 
were studied by Feldman et al’ in 13 patients with 
coronary artery disease following relatively small 
doses of intravenous (i.v.) dipyridamole (0.29 mg/ 
kg). They observed a 50% increase in coronary 
sinus flow, mostly in the distribution of normal 
vessels. This effect occurred with minimal changes 
in heart rate, blood pressure, left ventricular end- 
diastolic pressure, and myocardial oxygen uptake. 

Miller et alë elucidated the acute hemodynamic 
changes as measured by Swan-Ganz catheteriza- 
tion during infusion of i.v. dipyridamole in post- 
myocardial infarction patients. They found a signif- 
icant drop in mean arterial pressure, an increase in 
heart rate, a decrease in systemic vascular resis- 
tance, an increase in pulmonary capillary wedge 
pressure, and an increase in the cardiac index. All 
of these hemodynamic changes were reversed with 
infusion of i.v. aminophylline. The increase in 
heart rate and decrease in blood pressure have 
consistently been observed in clinical studies of 
dipyridamole for thallium imaging; the double 
product increases slightly. 

Marchant et al’ suggested different mechanisms 
for the increase in coronary blood flow induced by 
intracoronary, as compared to intravenous, injec- 
tion of dipyridamole. In 25 patients with normal 
coronary angiograms, intracoronary dipyridamole 
(0.5 mg/kg) produced an average increase in coro- 
nary sinus flow of 73%. However, when this injec- 
tion was followed 10 minutes later by an intrave- 
nous injection of dipyridamole (0.5 mg/kg), there 
was an additional increase in coronary sinus flow 
by 88%. As in previous studies, the increase in 
coronary blood flow following intracoronary injec- 
tion was not accompanied by changes in heart rate 
and cardiac output, whereas the intravenous dose 
produced increases in heart rate, stroke volume, 
and cardiac output.™ It should be noted, however, 
that the intravenous dose used in the Marchant 
study was considerably greater than that used in 
the previous study.’ It is possible that the increase 
in coronary blood flow with intracoronary injection 
reflects primary coronary vasodilation, while that 
following intravenous injection is due to both 
direct coronary vasodilation and an increase in the 
double product. Studies have shown”’*** that di- 
pyridamole causes a greater decrease in coronary 


vascular resistance than in systemic resistance, 
indicating that dipyridamole is a selective coronary 
dilator. However, the degree of dilation of the 
large epicardial coronary vessels is less than that 
noted with nitroglycerin. The primary action of 
dipyridamole is on the small coronary vessels. 

The optimal intravenous dose of dipyridamole 
has been found to be 0.142 mg/kg/min over 4 
minutes, although more recently larger doses have 
been found necessary to produce maximal coro- 
nary vasodilation.® Smaller doses do not produce 
sufficient changes in coronary blood flow, and 
larger doses are associated with increased side 
effects. It is possible that larger doses (and even 
standard doses) may, at times, increase the heart 
rate and double product, producing myocardial 
ischemia. However, this is not the usual mechanism 
by which ischemia is produced. The most common 
mechanism is based on the relationship between 
the coronary flow velocity and pressure gradient 
changes; an increase in flow velocity results in a 
decrease in distal pressure, which, in the presence 
of coronary stenosis, results in subendocardial 
ischemia." Intercoronary steal may contribute 
to the flow abnormality. 


BACKGROUND FOR USE OF DIPYRIDAMOLE IN 
THALLIUM IMAGING 

The specific type of coronary vasodilator does 
not appear to be of critical importance for myocar- 
dial imaging, as long as the agent has a selective 
action on the coronary arteries, an insignificant 
systemic effect, and an effect that lasts for at least 3 
minutes, to permit thallium extraction from the 
systemic circulation. Experimentally, contrast ma- 
terial, papaverine, adenosine, nitroglycerin, and 
temporary coronary occlusion have all provided 
satisfactory stimuli for coronary vasodilation. The 
basic physiologic requirements of any method used 
to assess coronary flow reserve are (a) use of a 
powerful stimulus for increasing coronary flow in 
order to maximize the regional perfusion abnormal- 
ities, and (b) relative proportionality of myocardial 
uptake of the imaging agent in relation to flow, 
especially at high-flow rates. The myocardial up- 
take of thallium-201 is proportional to the flow at 
resting levels, but at the high levels necessary to 
assess the reserve, the extraction of thallium de- 
creases. Thus, although the myocardial uptake of 
thallium increases as coronary flow increases (re- 
gardless of the stimulus), the increase in myocar- 
dial thallium uptake is not linear to the increased 
flow at high-flow rates. At high-flow rates, thallium 
uptake most commonly increases by approximately 
one-half of the increase in the coronary flow. 
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Gould" found that in dogs the increase in 
coronary blood flow above the resting level is 
significantly greater with dipyridamole than with 
exercise. He observed an increase in coronary flow 
of 100% to 150% during exercise, as compared to a 
400% increase with dipyridamole. The increases in 
flow during exercise in humans have been reported 
to be 100% to 300% over baseline resting flow. 

In the presence of a fixed coronary stenosis, the 
pressure gradient increases as flow velocity in- 
creases in response to any stimulus, whether exer- 
cise or coronary vasodilator. With a more severe 
degree of stenosis, the gradient-flow velocity rela- 
tionship becomes steeper, and the whole curve 
shifts upward and to the left. On the other hand, 
with less severe stenosis, the relationship moves 
downward and to the right. Therefore, coronary 
vasodilation in the presence of coronary stenosis 
will result in an increased pressure gradient and a 
decreased distal coronary pressure as coronary 
flow increases. This increase in the pressure loss is 
associated with a reduced subendocardial perfu- 
sion despite an increase in epicardial flow. 


THALLIUM KINETICS 

Based on the fractionation principle, the frac- 
tional uptake of the injected tracer by any organ 
equals the fraction of the cardiac output perfusing 
that organ during the measurement.” This princi- 
ple can apply to recirculating indicators as long as 
organ extraction and total body extraction of the 
indicator are the same. This assumption has been 
proved in anjmals with potassium-42 and rubidium- 
86. Studies have shown that myocardial extraction 
of thallium is significantly higher than the extrac- 
tion fraction of the whole body in control condi- 
tions.” These results confirm that, despite similari- 
ties, thallium does not have properties identical to 
potassium and its analogues. In addition, the wash- 
out of thallium from the myocardium after the 
initial uptake appears to be slower for thallium 
than for potassium.” One possible reason for the 
differences between myocardial extraction and to- 
tal body extraction for thallium is the inclusion of a 
large high-flow compartment, such as the renal 
circulation, in the total body extraction. Melin and 
Becker” found a linear relationship between thal- 
lium uptake and myocardial blood flow; in regions 
of ischemia or necrosis, a slight excess of thallium 
was noted, most likely related to more efficient 
extraction. When the coronary blood flow was 
increased by dipyridamole, there was a progressive 
decrease in thallium myocardial extraction due to a 
_ marked rise in capillary and venous velocity. 
The decrease in myocardial extraction resulted 


in an equality between myocardial and systemic 
extraction fractions. At larger increases in coro- 
nary flow, myocardial extraction would probably 
drop even more drastically and thereby cause an 
underestimation of flow by thallium. 


THALLIUM REDISTRIBUTION 

In the canine model, i.v. dipyridamole causes 
disparate rates of thallium uptake in the distribu- 
tion of normal vessels and stenosed vessels.” 
Myocardial thallium uptake is related to regional 
and transmural differences in coronary blood flow. 
In the normal zone, there is an increase in both 
endocardial and epicardial coronary blood flow; in 
the stenosed vessel, the total flow may not change, 
although epicardial flow may increase slightly and 
endocardial flow decrease. The relative thallium 
uptake in the distribution of the stenosed vessel 
correlates well with the coronary blood flow rela- 
tive to the peak flow in the normal vessel. 

In addition to initial differences in thallium 
activity, there are also differences in the washout 
rate from both normal and stenosed areas. The 
washout is much slower in the stenosed area. The 
disparate rates of washout from the normal and 
abnormal zones result in a decrease in the initial 
differences in thallium activities between these two 
areas and account for the phenomenon of redistri- 
bution. Similar findings were observed when the 
intrinsic washout was studied by direct intracoro- 
nary injection of thallium-201.” Again, the normal 
zone had an increase in thallium activity, due to an 
increase in both epicardial and endocardial blood 
flow, and more rapid intrinsic washout, while the 
stenotic area had less uptake than the normal zone 
and a slower intrinsic washout rate. As discussed 
earlier, at high-flow rates the increased thallium 
activity in the myocardium is less than the corre- 
sponding increase in coronary blood flow because 
of the decrease in the extraction fraction. This has 
been suggested to be even more marked with 
dipyridamole than with exercise studies, given that 
with dipyridamole the myocardial oxygen demand 
changes very little compared to exercise.” The rate 
of thallium washout is slower in dipyridamole 
imaging than in exercise imaging. 

In general, the quality of dipyridamole-thallium 
images is equal to or better than exercise images. 
Gould” found that during both exercise and di- 
pyridamole imaging, the myocardial-to-background 
ratio of thallium increases. In exercise imaging, this 
is predominantly due to a decrease in the back- 
ground activity (due to a decrease in lung and liver 
thallium uptake); however, during dipyridamole 
imaging the increase in the ratio is due to increased 
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myocardial thallium activity. The myocardial-to- 
background ratio is higher during dipyridamole 
than during exercise imaging. These changes can 
be explained by the relative changes in coronary 
blood flow in relation to changes in cardiac output. 
During exercise, the increase in cardiac output is 
greater than the increase in coronary blood flow; 
therefore, the fraction of the injected dose of 
thallium-201 delivered to the myocardium de- 
creases. After dipyridamole infusion, the increase 
in coronary blood flow exceeds the increase in 
cardiac output; thus, the fraction of the dose of 
thallium delivered to the myocardium increases, 
and, as a consequence, myocardial thallium activity 
also increases. 


CLINICAL STUDIES 

Intravenous dipyridamole has been recently ap- 
proved by the Food and Drug Administration for 
clinical use. Intravenous adenosine (a very short- 
acting and potent coronary vasodilator) is expected 
to be approved for clinical use in myocardial 
imaging in the near future. 

The indications for dipyridamole-thallium imag- 
ing are diagnosis of suspected CAD in patients who 
are unable to exercise adequately, and risk stratifi- 
cation in patients undergoing elective major vascu- 
lar surgery or those recovering from uncomplicated 
acute myocardial infarction. 

The usual protocol involves the i.v. injection of 
0.142 mg/kg of dipyridamole for 4 minutes while 
the patient is in the supine position under constant 
electrocardiographic monitoring, with frequent 
measurements of blood pressure.'””’*' Patients are 
instructed not to take xanthine-containing medica- 
tions (e.g., theophylline) for 24 hours before the 
test. Also, caffeinated beverages are avoided the 
morning of the test.” There are data to suggest 
that pentoxifylline, a methylxanthine derivative 
found to be efficacious in the treatment of intermit- 
tent claudication, does not decrease dipyridamole- 
induced hyperemia, as does the related compound 
theophylline.” 

Studies have shown that the peak effect of 
dipyridamole occurs approximately 2-3 minutes 
after infusion.'’* Because of this, thallium-201 is 
injected intravenously either approximately 7 min- 
utes after the start of the dipyridamole infusion or 
3 minutes after the completion of the infusion. 
During early experience with dipyridamole-thal- 
lium imaging, patients were asked to stand up and 
walk in place for 90 seconds before thallium 
injection. This maneuver was thought to decrease 
the pulmonary blood volume as well as both lung 
and splanchnic thallium uptake. However, as it is 
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also more likely to produce hypotension, light- 
headedness, and dizziness, this maneuver has been 
largely abandoned. 

In some laboratories the patient is tilted upward 
into a semi-erect position (approximately 70°) be- 
fore thallium injection for the same reasons. How- 
ever, this technique is also gradually being aban- 
doned. As will be discussed later, some investigators 
have used a combined handgrip test or submaximal 
treadmill exercise with dipyridamole infusion. Stud- 
ies suggest, however, that the handgrip exercise 
does not increase the coronary flow above that 
achieved with dipyridamole alone. Further, it is 
also clear that the standard dose does not consis- 
tently result in adequate augmentation of coronary 
flow.” It is possible that in many patients a 50% 
higher dose of dipyridamole is needed. This fea- 
ture appears to be different from adenosine, where 
a dose of 0.14 mg/kg/min for 6 minutes consistently 
produces maximum coronary hyperemia. 

Side effects, if severe, can be treated with slow 
i.v. injection of 50-200 mg of aminophylline, which 
may be repeated in 2-5 minutes if necessary.” In 
general, a dose of 75-100 mg is sufficient in most 
patients. However, in rare circumstances with se- 
vere side effects, the addition of nitroglycerin may 
also be useful. It should be remembered that 1-2 
minutes before aminophylline is given, thallium- 
201 should be injected. In many laboratories, a 
prophylactic dose of 75 mg of aminophylline is 
injected intravenously after the initial images are 
obtained, even in the absence of side effects. 
Whether this precaution prevents any side effects 
is not known precisely. 

The initial and delayed thallium images are 
compared, and the presence and site of perfusion 
defects as well as the nature of the abnormality 
(transient or fixed) are determined. As with exer- 
cise studies, reversible defects reflect ischemic 
viable myocardium and correspond to segments 
with normal wall motion or only mild hypokinesia, 
while fixed defects correspond to areas of scar with 
associated severe wall motion abnormality (akine- 
sia or dyskinesia). 


RESULTS 

The results of dipyridamole imaging may de- 
pend on patient selection and dose; higher doses 
have been reported to increase the sensitivity with 
no loss of specificity, but side effects are more 
common. False negative results are more common 
in patients with single-vessel disease and in pa- 
tients with less severe stenosis. A summary of the 
results is shown in Table 1.778932 Approximately 
85% of patients with CAD will have reversible 
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TABLE | Results of Studies with Intravenous Dipyridamole—Thallium Imaging 





No. Patients 


Albro et al” 


Leppo et al*® 
Francisco et al?® 


Okada et al®? 
Schmoliner et al?? 
Sochor et al*° 
Taillefer et al* 
Lam et al‘? 


CAD = coronary artery disease; N/A = not available. 


perfusion defects in the distribution of 1 or more 
vessels. Further, it has been reported that approxi- 
mately two-thirds of stenosed vessels were pre- 
dicted correctly by dipyridamole imaging (Table I). 
This may be higher than the rate achieved during 
exercise studies in the absence of quantitative 
analysis. 

However, others have observed much lower 
rates of predicting individual diseased vessels. It is 
possible that with the use of rotational tomogra- 
phy, the accuracy of predicting individual diseased 
vessels will be improved. The specificity of the test 
is approximately 85% (Table I). Of note, most 
reversible perfusion defects occur in the absence of 
angina or ST-segment depression and at a much 
lower heart rate and double product than that 
achieved during exercise. Therefore, despite differ- 
ences in the pathophysiologic mechanisms involved 
in exercise and dipyridamole testing, both methods 
provide comparable results in the diagnosis of 
CAD. 

The comparison between dipyridamole and ex- 
ercise studies is shown in Table II.” Interpreta- 
tion of the thallium images in most studies has 
been based on visual inspection of the planar 
images, although quantitative analysis has shown 
improved results compared to qualitative studies.” 
Okada et al” observed differences in the washout 
rate in normal and stenotic segments. However, 
the rate of thallium washout after dipyridamole is 





Sensitivity Specificity 


91% 

80% 
67-96% 
100% 
N/A 

81% 
86-100% 
70-75% 


variable and not very useful in the identification of 
diseased vessels. 

Other methods include the use of a split-dose 
technique, in which thallium is injected before and 
immediately after infusion of dipyridamole and 
subtraction images are obtained.” This technique 
has provided a sensitivity of 91% and a specificity 
of 100% in 23 patients with CAD and in nine 
subjects with no CAD. Reversible defects involving 
the right ventricle, when present, denote the pres- 
ence of significant proximal right CAD.” 

In some patients, an increase in lung thallium 
uptake is observed during dipyridamole-thallium 
imaging.™® Lette et al’ have noted an increase in 
the murmur of mitral regurgitation and left ventric- 
ular dilatation, due to subendocardial thinning 
during dipyridamole imaging that may signify tran- 
sient papillary muscle dysfunction caused by di- 
pyridamole-induced ischemia. While dipyridamole 
may induce perfusion abnormalities in patients 
with CAD, it has been reported that it improves 
the perfusion pattern in patients with systemic 
sclerosis. This paradoxical phenomenon can be 
explained on the basis that in systemic sclerosis, 
increased vasomotor tone of the small vessels is 
responsible for the initial thallium abnormalities; 
dipyridamole, by vasodilating these vessels, will 
improve the flow and thallium perfusion pat- 
tern." Fixed and reversible perfusion defects 
have also been reported in patients with hyper- 


TABLE II Comparison Between Dipyridamole and Exercise—Thallium-201 Imaging Studies 


No. Patients 


No CAD 


Timmis et al? 
Narita et al** 
Marchencourt et al‘ 
Josephson et al*® 
Wilde et al*” 

Gould et al*® 
*Huikuri et al*? 


*Exercise protocol performed on 35 patients with CAD onl 


y. 
CAD = coronary artery disease; N/A = not available; SN = sensitivity; SP = specificity. 





Dipyridamole Exercise 


Protocol SP SP 
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trophic cardiomyopathy and normal coronary angio- 
grams. These studies were done with single-photon 
emission computed tomography (SPECT).” 

Oral dipyridamole—thallium-201 imaging: Oral 
dipyridamole has been evaluated as an alternative 
to the intravenous protocol because the intrave- 
nous form of the drug is not yet commercially 
available. Early studies showed that the peak 
serum concentration of dipyridamole after a 50-mg 
oral dose occurred at 2.5 hours.” Homma et al” 
demonstrated that a serum dipyridamole level 45 
minutes after a 300-mg oral dose was similar to the 
serum level 5 minutes after the usual i.v. dose. 
More recent work by Segall and Davis” suggests 
more variability in dipyridamole absorption and 
less predictable serum drug levels. 

The typical protocol for oral dipyridamole imag- 
ing consists of the administration of 300-375 mg 
dipyridamole given either as tablets or an oral 
suspension. As with the intravenous protocol, the 
patient is supine with continuous electrocardio- 
graphic monitoring. Blood pressure and 12-lead 
ECG are recorded at regular intervals for 45 
minutes, at which time thallium-201 is injected (or 
earlier if symptoms, severe side effects, or electro- 
cardiographic changes occur). As with the intrave- 
nous protocol, handgrip exercise prior to thallium 
injection may be used. Planar or SPECT images 
are obtained within 10 minutes of thallium-201 
injection, with delayed images available 4 hours 
later.“ A prophylactic dose of i.v. aminophyl- 
line can be given after the initial images are 
completed. The results with the oral protocol are 
shown in Tables II and III. 

Dipyridamole and exercise: The use of mild 
exercise along with dipyridamole has been evalu- 
ated by several investigators.°*”°'™ Brown et al” 
found a 68% increase in coronary sinus flow with 
the combination of isometric handgrip and dipyrida- 
mole as compared with i.v. dipyridamole alone. A 
study by Rossen et al% demonstrated no significant 
change in coronary flow reserve as measured with a 
coronary Doppler catheter. They suggested that 
their results differed from Brown et al because of 
limitations intrinsic to coronary sinus thermodilu- 


TABLE tll The Results of Oral Dipyridamole—Thallium-201 Imaging 
Study 


Gould et al*® 
Homma et al°® 
Taillefer et al“ 
Walker et al®! 
Borges-Neto et al®° 
Segall and Davis*? 
Beer et al®? 





tion technique. Furthermore, they proposed that 
the addition of isometric handgrip to dipyridamole 
testing might well improve the accuracy of the 
technique as a result of factors other than a change 
in coronary flow. Mild exercise produces an in- 
crease in heart rate and systolic pressure, which 
could increase myocardial oxygen demand. In- 
creased heart rate may cause a decrease in coro- 
nary perfusion distal to a stenosis, and increased 
adrenergic tone may exacerbate coronary constric- 
tion. Casale et al* compared the effects of i.v. 
dipyridamole with and without simultaneous low- 
level treadmill exercise. They found a significant 
increase in peak heart rate and blood pressure 
when treadmill exercise was performed along with 
i.v. dipyridamole. Fewer noncardiac side effects 
were noted in the exercise group. There was a 
significant increase in the target-to-background 
thallium count ratio in the exercise group, account- 
ing for a higher quality thallium image. 

Walker et al compared a combined oral dipy- 
ridamole-treadmill/thallium protocol to standard 
treadmill/thallium testing. Patients who did not 
have severe angina or ST-segment changes 45 
minutes after administration of 300 mg oral di- 
pyridamole were exercised on a treadmill to a 
symptom-limited endpoint. They found a sensitiv- 
ity of 89% for dipyridamole-exercise testing in 
detecting CAD, compared with 76% in the exercise 
imaging group. Moreover, there were more thal- 
lium defects seen in the dipyridamole-exercise 
group as well as a higher myocardial-to-back- 
ground thallium ratio, resulting in visually superior 
thallium images in that group. 


SIDE EFFECTS OF DIPYRIDAMOLE 

The side-effect profile of dipyridamole in 3,911 
patients studied by 64 investigators was recently 
reported by Ranhosky et al” (Table IV). Overall, 
serious side effects were uncommon. There were 
two nonfatal and two fatal myocardial infarctions; 
three of these four patients had a history of 
unstable angina. These were the only reported 
cases of myocardial infarction or death in the 
literature for intravenous or oral dipyridamole- 


Sensitivity Specificity 


CAD = coronary artery disease; N/A = not available. 
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TABLE IV Adverse Events Reported by Patients Who 
Underwent Intravenous Dipyridamole—Thallium Imaging 


Adverse Event Patients (n) (%) 






















Chest pain 


Headache 476 (12.2) 
Dizziness 460 (11.8) 
ST-T changes on ECG 292 (7.5) 
Ventricular extrasystoles 204 (5.2) 
Nausea 180 (4.6) 
Hypotension 179 (4.6) 
Flushing 132 (3.4) 
Tachycardia 127 (3.2) 
Pain (nonspecified) 102 (2.6) 
Dyspnea 100 (2.6) 
Blood pressure lability 61 (1.6) 
Hypertension 59 (1.5) 
Paresthesia 49 (1.3) 
Fatigue 45 (1.2) 
Dyspepsia 38 (1.0) 










Values are for adverse events reported by at least 1.0% of total (100.0%) number of 
patients (3,91 1) studied. (Reproduced with permission from Circulation.) 


thallium testing. There was one report of ventricu- 
lar fibrillation in a patient following infusion of i.v. 
dipyridamole that converted to sinus rhythm after 
precordial thump.” Other cardiac side effects such 
as ST depression, angina, and arrhythmias (includ- 
ing ventricular premature complexes) may occur. 
ST depression occurs far less frequently than 
thallium perfusion defects but is probably a marker 
for myocardial ischemia due to coronary steal.” 
Inverted U-waves associated with ischemia have 
also been reported.” Chest pain alone is not a 
reliable marker for ischemia. 

Noncardiac side effects such as headaches, 
flushing, dizziness, lightheadedness, nausea, or 
epigastric pain are not uncommon. These side 
effects occur with similar frequency in both the 
intravenous and oral protocols. Wheezing as a 
result of acute bronchospasm was not reported in 
any of the oral dipyridamole studies,’ but it 
was reported in six patients (0.15%) with i.v. 
dipyridamole.” Most side effects subside without 
any treatment. Intravenous aminophylline can be 
administered if needed for reversal of more serious 
side effects. Dipyridamole testing is contraindi- 
cated in patients with a history of severe asthma or 
other bronchospastic lung diseases. 


RISK STRATIFICATION 

Dipyridamole- or adenosine-thallium imaging 
provides an ideal screening method prior to elec- 
tive vascular surgery in patients with peripheral 
vascular disease. These patients, whether symptom- 
atic with angina or not, have a high incidence of 
CAD and, because of their peripheral vascular 
disease, are not candidates for exercise testing. 
Several studies have shown that patients with no 
transient perfusion defects on dipyridamole- 


thallium imaging have a low risk of perioperative 
events (death and nonfatal acute myocardial infarc- 
tion). However, the risk of events increases by 6- to 
> 20-fold in patients who have transient perfusion 
abnormalities.” 

Because only approximately one-third of such 
patients with reversible perfusion defects have 
subsequent events, the need for coronary arteriog- 
raphy and coronary artery revascularization before 
elective peripheral vascular surgery should be based 
on a number of factors, including the severity and 
extent of perfusion abnormalities, symptoms, and 
the presence or absence of associated electrocardio- 
graphic changes. In some patients, cardiac catheter- 
ization and coronary revascularization may be 
necessary. In others, the surgical technique may be 
modified into a more conservative procedure, and 
more thorough monitoring before, during, and 
after surgery is necessary. In a study by Eagle et 
al,” clinical characteristics were useful in predict- 
ing postoperative events. Thus, none of 23 patients 
without a history of angina, myocardial infarction, 
congestive heart failure, diabetes, or Q waves on 
the electrocardiogram had events, while 10 of 27 
patients with one or more of these risk factors had 
events (death, infarction, or unstable angina pecto- 
ris). Therefore, it is possible that dipyridamole- 
thallium imaging is unnecessary in the low-risk 
group, while coronary arteriography may be indi- 
cated in high-risk patients who have reversible 
defects by dipyridamole imaging. 

Leppo et al” and Gimple et al” found predis- 
charge dipyridamole-thallium imaging after acute 
myocardial infarction to be at least as predictive for 
serious cardiac events as submaximal exercise test- 
ing. Younis et al” found that the presence of a 
reversible thallium defect with dipyridamole- 
thallium testing and the extent of CAD were the 
only significant predictors of future cardiac events. 
Dipyridamole-thallium imaging was also studied 
for risk stratification after thrombolysis and coro- 
nary angioplasty.” Eichhorn et al” found improved 
uptake of thallium in myocardial regions supplied 
by successfully dilated coronary arteries, and Jain 
et al” suggested that the presence of a reversible 
thallium defect after oral dipyridamole-thallium 
imaging in post-coronary angioplasty patients iden- 
tified those at high risk for restenosis. 

Dipyridamole-thallium imaging is also useful in 
differentiating between ischemic and nonischemic 
cardiomyopathy.” In children, dipyridamole-thal- 
lium testing is useful in assessing the acute effects 
of Kawasaki disease, as well as its course during 
and after medical therapy.” 
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Myocardial Perfusion Imaging with 


Technetium-99m—Labeled Agents 
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Thallium-201 (TI) is suboptimal as a single-pho- 


ton emitting agent for myocardial perfusion imag- 
ing, in view of its low-energy photons and long 
half-life. To circumvent these limitations, two new 
myocardial perfusion imaging agents labeled with 
technetium-99m (Tc) have been developed. 
They are Tc-sestamibi and Tc-teboroxime. Clinical 
trials of myocardial perfusion with both tracers 
have shown results similar to those obtained with 

-TI for detection of coronary artery disease. Re- 
sults to date indicate that Tc-sestamibi accu- 
rately detects and locates myocardial infarction 
and can accurately assess both left and right 
ventricular ejection fractions by the first-pass 
technique. In addition, research has shown that 
rest—stress studies can be performed on the 
same day and that Tc-sestamibi can be used to 
assess the results of thrombolytic therapy. Tc- 
teboroxime has excellent myocardial tracer up- 
take characteristics but is cleared very rapidly 
from the myocardium. These features make Tc- 
teboroxime well suited to rapid serial studies. 
These new technetium myocardial perfusion 
agents have just become available for routine 
Clinical use and are likely to replace *Tl in many 
of its clinical applications. 

| (Am J Cardiol 1991;67:27D—34D) 
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Ithough thallium-201 (T1) is the most 
A applied single-photon agent for my- 

ocardial perfusion imaging, it is consid- 
ered to be suboptimal in view of its low-energy 
photons and long half-life (Table I). The photon 
energy of ™'TI1 (68 to 80 keV) is not well suited for 
standard gamma cameras, which perform best at 
the 140 keV photon peak of technetium-99m 
(°"Tc). Furthermore, the 73-hour half-life of 2"T] 
limits the injected dose to 3 to 4 mCi, resulting in 
relatively low count density of the images. 

In order to circumvent the physical limitations 
of “Tl, two groups of ”"Tc-labeled compounds 
have been developed that hold promise as myocar- 
dial perfusion tracers: ”"Tc isonitriles and boronic 
acid adducts of technetium oximes (BATO). In this 
article, imaging properties and the clinical utility of 
these agents will be reviewed. 


PHYSIOLOGIC AND IMAGING PROPERTIES OF 
*°"Tc-LABELED AGENTS 

Te isonitriles (Tables II and Ill): Among 
several compounds evaluated in this group, *™Tc- 
methoxyisobutyl isonitrile (Tc-sestamibi) appears 
to exhibit the best biologic properties for clinical 
application (Table I). Tc-sestamibi has more 
prompt hepatic excretion*’ than its predecessors 
”"Tc-t-butyl isonitrile (Te TBI)?*’ and %"Tc- 
carboxyisopropyl isonitrile.** Additionally, unlike 
”"Tc-TBI, Tc-sestamibi has minimal lung uptake.‘ 
These features result in high myocardial target-to- 
background ratio with Tc-sestamibi.*>"” T¢-sesta- 
mibi has been shown to be safe in humans.>"! 

Initial myocardial uptake of Tc-sestamibi is 
directly related to myocardial blood flow over a 
wide range of flow rates, with a “roll-off” in uptake 
occurring at high flow rates, similar to that ob- 
served with *'T1.? The peak extraction fraction of 
Tc-sestamibi is lower than that of 7'TI,""* but 
myocardial retention is greater. However, the lack 
of redistribution with this agent necessitates sepa- 
rate injections of Tc-sestamibi during exercise and 


at rest to assess reversibility of myocardial perfu: i 
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sion defects. Lack of redistribution also ` 
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TABLE I Advantages of °°"Tc-Labeled Agents Over 
Thallium-201 for Myocardial Perfusion Imaging 

















1. Better radiation dosimetry allows injection of a higher dose and re- 
sults in: 
@ Better image quality and increased confidence of interpretation 
@ Possibility of gated acquisition for assessing regional wall motion 
and thickening 
@ First-pass evaluation of ventricular function 
2. Ideal energy for Anger camera allows for: 
@ High-resolution imaging 
@ Possibility of correction for attenuation and scatter that may re- 
duce image artifacts 
3. More readily available worldwide and for emergency use 


imaging to be started within 1 hour following 
injection. This delayed start of imaging is desirable 
in certain clinical conditions, such as evaluation of 
the size of jeopardized myocardium in patients 
who present with evolving myocardial infarction 
and in whom thrombolytic therapy is planned. In 
these patients, Tc-sestamibi may be injected prior 
to or simultaneously with initiation of thrombolytic 
therapy, but images may be obtained following 
completion of thrombolytic therapy when the pa- 
tient is stabilized and more accessible for imaging. 

Due to the short half-life (6 hours) of *"Tc and 
the prompt hepatobiliary and renal excretion of 
Tc-sestamibi, up to 30 mCi can be given as a single 
dose, while keeping the similar radiation to the 
target organ (small intestine) at less than 5 rads. 
The higher administered dose of Tc-sestamibi, 
compared with *’Tl, results in a far higher count 
rate, allowing higher count density images to be 
recorded. The higher photon flux allows electrocar- 
diographic gating of planar or tomographic images 
and the performance of first-pass studies. 

Boronic acid adducts of technetium oximes: 

The second group of “"Tc-labeled myocardial 
perfusion agents are the boronic acid adducts of 
technetium oximes, referred to as BATO com- 
pounds. The most promising BATO compound, 
just approved for clinical use, is teboroxime, devel- 
oped by Squibb Diagnostic (SQ30217).” Leppo 
and Meerdink” studied the myocardial transport 
of two technetium-labeled BATO compounds and 
VIT] during varying levels of coronary flow in an 
isolated blood-perfused rabbit heart model. This 
study showed that at a wide range of coronary flow 
rates (0.3 to 2.4 ml/min/g), mean teboroxime extrac- 
tion was higher than that of “Tl. The mean 


TABLE Ii Comparison of Physiologic Properties of 
9mTc-Labeled Myocardial Perfusion Agents 


Tc-Sestamibi | Tc-Teboroxime 


0.65 
5 hours 
Minimal 


0.90 
10-15 min 
Possible 


Peak myocardial extraction fraction 
Myocardial clearance (T,,.) 
Redistribution 











TABLE IIi Comparison of Imaging Properties of 
™Tc-Labeled Myocardial Perfusion Agents 


Tc-Sestamibi Tc-Teboroxime 


Myocardial counts Excellent Transiently 
Begin imaging 30—60 min 1 min 
Complete rest—stress 3—4 hours 0.5—1 hour 
SPECT Yes Possible 
Gated SPECT Yes No 





capillary flux for teboroxime was also higher than 
that of "TI. Maublant and associates’’ showed, in 
an experimental cell culture model, that Tc- 
teboroxime has the fastest uptake and greatest 
myocardial cell accumulation compared with both 
WT] and Tc-sestamibi. They also showed that, in 
general, teboroxime is the least, and WITI the most, 
sensitive to metabolic inhibition at the cellular 
level. In open-chest dogs, Stewart et al'* showed 
relatively high extraction of teboroxime after intra- 
coronary injection and that myocardial washout of 
teboroxime appeared to be flow related and quite 
rapid. 

Human studies have shown that myocardial 
uptake of teboroxime is so rapid that the myocar- 
dium is very well visualized within 2 minutes after 
injection.” Myocardial clearance of the agent is 
also rapid and biexponential, with half-times of 2 
minutes (68%) and 78 minutes (32%). These 
properties necessitate the completion of imaging 
within 10-15 minutes from the time of injection. In 
order to perform single-photon emission computed 
tomography (SPECT) imaging with teboroxime, it 
is necessary that imaging starts 1 minute following 
termination of stress and be completed in about 12 
minutes. Shortening of the time interval between 
injection and initiation of imaging may be facili- 
tated by pharmacologic stress testing (with dipyri- 
damole or adenosine). Shortening of SPECT acqui- 
sition could be achieved with continuous acquisition 
or 3-headed cameras. In Phase I and II clinical 
trials, teboroxime has been shown to be safe.” 


RESULTS OF CLINICAL TRIALS WITH 
Tc-SESTAMIBI 

Three different types of clinical trials have been 
conducted to assess the clinical utility of Tc- 
sestamibi for a) detection of coronary artery dis- 
ease, b) evaluation of myocardial infarction, and c) 
assessment of ventricular function. 

Trials for detection of coronary artery dis- 
ease: In these trials, Tc-sestamibi has been com- 
pared with ™'TI in planar or SPECT imaging for 
overall detection of coronary disease, localization 
of disease to individual coronary arteries, and 
evaluation of myocardial defect reversibility. In the 
multicenter Phase II trial reported by Wackers et 


28D THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 MAY 21, 1991 


—F Be | 


al," Tc-sestamibi stress—-rest planar studies were 
compared to “TI stress-redistribution planar stud- 
ies in 38 patients. The two sets of studies were 
found to have similar sensitivity and specificity for 
diagnosis of coronary artery disease and detection 
of individual diseased vessels. Kiat and associates” 
compared sensitivities and specificities of Tc- 
sestamibi and *' Tl with SPECT and planar imaging 
in a study of 36 patients. There was no significant 
difference between Tc-sestamibi and *”'T] for sensi- 
tivity, specificity (findings in patients with normal 
coronary arteries), and normalcy rate (findings in 
patients with a low likelihood of coronary artery 
disease) with either planar or SPECT imaging. 
With both tracers, however, improved sensitivity 
for identification of diseased coronary arteries was 
noted by SPECT. Taillefer and associates” studied 
100 consecutive patients, comparing rest-stress 
Tc-sestamibi and stress-redistribution TI planar 
imaging. In 65 of the patients in whom angio- 
graphic correlation was available, no significant 


"difference was noted in detecting vessels with 


>70% stenosis. Iskandrian and associates” re- 
ported the results of SPECT imaging in 28 patients 
with coronary artery disease (>50% diameter 
stenosis) and 11 patients with normal or nearly 
normal arteriograms. Tc-sestamibi had sensitivity 
equal to “’T1 for detection of disease and a trend 
toward higher specificity. Using quantitatively ana- 
lyzed SPECT studies, Kahn and associates have 
reported the comparison of “Tl and Tc-sestamibi 
imaging in 12 normal subjects and 38 patients with 
angiographically documented coronary artery dis- 
ease (>50% diameter stenosis). These authors 
also demonstrated no significant difference in over- 
all detection of coronary artery disease using the 
two tracers. In individual coronary stenoses, how- 
ever, ['c-sestamibi identified 59 of 75 (79%) signifi- 
cantly stenosed arteries compared with detection 
of 45 of 75 (60%) stenoses by “’T1 (p <0.05). The 
increased detection of individual coronary arteries 
was most marked in the vessels with mild stenosis 
(50-75%), with 65% of these lesions detected by 
Tc-sestamibi compared with 35% by Tl (p <0.05). 
Furthermore, Tc-sestamibi rest-stress scintigraphy 
identified more segments with reversible hypoper- 
fusion than did stress-redistribution T] SPECT. 
Extensive clinical information has been gener- 
ated on the utility of Tc-sestamibi myocardial 
perfusion SPECT imaging through the North Amer- 
ican multicenter clinical trial.*° In this trial, 22 
centers from the United States and two centers 
from Canada participated in an open-label study 
designed to compare Tc-sestamibi with TI and 
coronary angiography. Of the 278 patients in the 


study population, 39 had a normal coronary arterio- 
gram, 153 had angiographically documented coro- 
nary artery disease, and 86 had <5% likelihood of 
coronary disease, based on Bayesian analysis of 
their age, sex, clinical symptoms, and the results of 
exercise electrocardiography.””” Of 278 patients, 
255 (92%) and 6,134 of 6,677 myocardial segments 
(92%) that were evaluated in this trial were concor- 
dant with respect to the presence or absence of 
stress perfusion defects. The diagnostic accuracy of 
Tc-sestamibi and *'Tl1 SPECT images for the 
identification of patients with coronary artery dis- 
ease was evaluated in 192 patients who had coro- 
nary angiography. Among the 153 patients with 
coronary artery disease (>50% luminal stenosis), 
the overall sensitivities of Tc-sestamibi and TI] 
were 89% and 90%, respectively. The overall 
specificities, determined in the 39 patients who had 
normal coronary arteriograms, were 49% for Tc- 
sestamibi and 41% for TI. The observed low 
specificities of both agents is consistent with previ- 
ously reported specificity for *'TI**** and most 
likely is due to patient referral bias, such that 
patients with an abnormal perfusion study were 
predominantly referred to coronary angiogra- 
phy.” Importantly, for both agents, the normalcy 
rates’ (defined as the number of patients from 
the low likelihood group with normal scintigraphic 
patterns divided by the total number of patients in 
the low likelihood group) in the 87 patients with 
<5% likelihood of coronary artery disease were 
significantly higher than their respective specifici- 
ties. For Tc-sestamibi, the normalcy rate was 81% 
and for “TI it was 82%. 

To assess the efficacy of Tc-sestamibi in the 
evaluation of myocardial viability, the patterns of 
Stress defect reversibility from perfusion images of 
the two tracers were compared.” Of note, the 
mechanism for stress defect reversibility with Tc- 
sestamibi is different from that with "TI: Revers- 
ibility of a *'TI defect is the result of a differential 
washout rate of TI from the normal and viable- 
but-hypoperfused myocardial regions. Unlike T], 
however, Tc-sestamibi does not appear to have 
significant myocardial redistribution. Therefore, 
for the assessment of defect reversibility by Tc- 
sestamibi, two separate injections are required, 
one at peak exercise and the other at rest. While 
images acquired following injection of Tc-sesta- 
mibi at peak stress demonstrate exercise-induced 
disparity of regional myocardial blood flow, images 
obtained following injection at rest show the pat- 
tern of myocardial perfusion at resting state. Im- 
provement or normalization of an exercise defect 
on the resting image indicates defect reversibility 
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and implies presence of viable but hypoperfused 
myocardium. The exact agreement between the 
two agents for demonstrating normal, reversible, 
and nonreversible patterns in the 278 patients was 
83%. In addition, of the 165 patients with perfu- 
sion images demonstrating stress defects by both 
agents, 142 (86%) were concordant with respect to 
differentiating reversible from nonreversible pat- 
terns. When analysis was performed on a segment 
by segment basis, there was 89% exact agreement 
between Tc-sestamibi and TI for normal, revers- 
ible, and nonreversible defects. Finally, of 1,191 
segments that showed stress defects by both agents, 
84% were concordant for differentiation of revers- 
ible from nonreversible patterns. 

The unique capability of rest-redistribution “'T] 
studies to differentiate resting ischemia from scar, 
however, is unlikely to be afforded by Tc-sestamibi. 
Which of these tracers would provide the best 
correlation with other “gold standards” of myocar- 
dial viability, such as assessment of glucose metab- 
olism by positron emission tomography, is as yet 
unclear. It should be noted that correlations be- 
tween Tc-sestamibi and *'TI have been made with 
standard redistribution protocols and not with 
protocols that utilize 24-hour redistribution imag- 
ing” or reinjection of ™'TI prior to redistribution 
imaging.” 

All of the above Tc-sestamibi results were de- 
rived from 2-day protocols in which the rest and 
exercise studies were separated by at least 24 
hours. Taillefer et al” demonstrated that rest and 
stress Tc-sestamibi could be performed on a same- 
day protocol instead of using a 2-day approach. 
The rest-stress same-day protocol involves injec- 
tion of 7-10 mCi of Tc-sestamibi for the resting 
study, followed by 20-25 mCi of Tc-sestamibi for 
the stress study. In a subsequent study using 
SPECT,* 18 patients underwent both same-day 
rest-stress and stress-rest Tc-sestamibi studies, 
using 7-10 mCi for the first study and 25 mCi for 
the second study. Overall, for perfusion defect type 
(normal, ischemia, or scar) there was good agree- 
ment between rest-stress and stress—rest se- 
quences, with 283 of the 324 (87%) segments being 
categorized identically. However, an important 
outlying group was evident. Although only one 
segment demonstrated evidence of ischemia by the 
stress-rest approach and scar by the rest—stress 
approach, 24 of the 324 (7.4%) segments demon- 
strated evidence of scar by the stress—rest tech- 
nique but were ischemic by the rest-stress imaging 
sequence. Thus, the rest-stress sequence appeared 
to be more effective for defining the presence of 
reversible abnormalities. It is postulated that with 


the stress—rest imaging sequence, the residual activ- 
ity of the stress injection causes an uneven back- 
ground at the time of the performance of the rest 
study, resulting in an overestimation of the fre- 
quency of fixed defects or scar. Overall, the prelim- 
inary results from these investigations provide 
convincing evidence that same-day rest-stress (or 
stress—rest) protocols are feasible with this new 
tracer. 

Myocardial infarct trials: Several Phase III 
“infarct protocols” have examined the use of Tc- 
sestamibi in the setting of acute myocardial infarc- 
tion. High sensitivity for detecting regional perfu- 
sion defects in patients with myocardial infarction 
documented by abnormal electrocardiographic and 
radionuclide ventriculographic findings has been 
reported.” Sensitivity was 97% for detecting myo- 
cardial infarction, with a normalcy rate of 92% in 
normal volunteers. 

Experimental data in dogs have shown that *'T1 
and Tc-sestamibi SPECT accurately assess patho- © 
logic infarct size.’ Preliminary data from multi- 
center thrombolytic therapy trials have suggested 
that Tc-sestamibi may be effective in monitoring 
the efficacy of thrombolytic therapy in the setting 
of myocardial infarction” by documenting reduc- 
tion in defect size between prethrombolytic and 
postthrombolytic therapy images. Wackers et al’! 
studied 30 patients with acute myocardial infarc- 
tion, of whom 23 were treated with recombinant 
tissue plasminogen activator (rt-PA), and seven 
had conventional therapy without thrombolysis. 
Tc-sestamibi was injected before thrombolysis, with 
imaging several hours later. Tc-sestamibi imaging 
was repeated 18 to 40 hours later and then again 6 
to 14 days after infarction. Patients treated with 
rt-PA demonstrated a significant reduction in quan- 
titative planar Tc-sestamibi defect size between the 
prethrombolytic and early postthrombolytic stud- 
ies (p <0.001); however, patients treated conven- 
tionally demonstrated no significant difference in 
the defect size between the preinfarct and early 
postinfarct studies. Additionally, a decrease in 
defect size of >30% was strongly predictive of a 
patent infarct-related artery. In this study, there 
was a trend toward further decrease in defect size 
by the time of the late (6 to 14 days) postinfarct 
Tc-sestamibi studies. The authors concluded that 
serial planar Tc-sestamibi imaging provides an 
effective means for assessing the initial risk zone 
and the presence of reperfusion in patients under- 
going thrombolytic therapy. 

Gibbons and associates” have demonstrated 
that SPECT imaging with Tc-sestamibi in the 
setting of acute myocardial infarction provides 
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accurate information on infarct size. This approach 
has been indirectly validated in clinical studies by 
demonstrating a very close relationship between 
infarct size from a quantitatively analyzed Tc- 
sestamibi SPECT study and resting ejection frac- 
tion measured shortly thereafter. Phantom data 
from the same institution have also documented 
that the quantitative SPECT approach was highly 
accurate in assessing technetium-99m pertechne- 
tate perfusion defect size in a heart model.® As 
with the planar study of Wackers et al,” the 
preliminary data obtained from this study, with 
SPECT Tc-sestamibi performed before and 6-14 
days after thrombolytic therapy, demonstrated a 
Significant decrease in the extent of hypoperfused 
myocardium in patients who received thrombolytic 
therapy, with no significant change in patients who 
did not receive thrombolytic therapy.’ Although 
similar results were previously demonstrated with 
“TLS the *'T] approach suffered from potential 
redistribution of the injected tracer, thus decreas- 
ing the feasibility of performing the study with 
SPECT, which generally requires transport of a 
clinically stabilized patient to a nuclear medicine 
department. Since little redistribution occurs with 
Tc-sestamibi, the imaging can be performed sev- 
eral hours after the prethrombolysis Tc-sestamibi 
injection, allowing for clinical stabilization of the 
patient prior to imaging without loss of imaging 
information. The approach offers great promise as 
an objective method for comparing the efficacy of 
possible approaches to thrombolytic therapy; thus, 
information could be derived in smaller groups of 
patients and much earlier than would be required 
if mortality were the principal endpoint. 
Ventricular function trials: The Phase III “glo- 
bal left ventricular function” protocols studied the 
ability of Tc-sestamibi to measure ejection fraction 
as compared with standard pertechnetate left ven- 
tricular ejection fraction measurements, both using 
the first-pass technique. A multicenter study of 66 
patients” demonstrated a close linear correlation 
(r = 0.94) between standard “™Tc and Tc- 
sestamibi ejection fraction first-pass determina- 
tions. In a study reported by Baillet and associ- 
ates,“ a very high correlation (r = 0.93) was also 
noted in measurements of ejection fraction by 
standard pertechnetate and Tc-sestamibi first-pass 
studies. In the same study, these authors demon- 
strated that Tc-sestamibi first-pass studies can be 
used to assess regional left ventricular wall motion. 
` Conventionally, ejection fraction studies with 
exercise have been performed during bicycle exer- 
cise. Since, treadmill exercise is more commonly 
used as a general method of exercise testing and 


there are data suggesting that a greater degree of 
ischemia is produced with treadmill exercise, it 
would be important to evaluate whether first-pass 
treadmill exercise studies are feasible. In a prelimi- 
nary communication, Borges-Neto et al* have 
demonstrated the feasibility of treadmill exercise 
first-pass Tc-sestamibi procedures and have shown 
no significant difference between 1-day and 2-day 
rest—-exercise protocols for the treadmill exercise 
assessment of left or right ventricular ejection 
fraction. These measurements were obtained using 
a first-pass scintillation camera especially designed 
with a small detector head, which has the capability 
of direct imaging during treadmill exercise. 
Summary: Clinical studies to date with Tc- 
sestamibi, therefore, indicate that Tc-sestamibi 
appears to be similar to “'Tl for detection of 
coronary artery disease, accurately detects and 
localizes myocardial infarction, and accurately as- 
sesses both left and right ventricular ejection frac- 
tions by the first-pass technique. In addition, stud- 
ies have shown that rest-stress studies can be 
performed on the same day and Tc-sestamibi can 
be used to assess the results of thrombolytic ther- 


apy. 


RESULTS OF CLINICAL TRIALS WITH 
Tc-TEBOROXIME 

In the other major class of ”"Tc perfusion 
agents, the BATO compounds, Phase I, II, and III 
clinical trials have been performed with Tc- 
teboroxime. These clinical results have suggested 
that this tracer yields image quality similar to ™TI, 
provided that the images are obtained very rapidly 
after injection. In 10 normal volunteers and 20 
patients with coronary artery disease, Tc-teborox- 
ime stress and rest studies were compared with 
“ITI stress-redistribution studies using planar imag- 
ing.” For the Tc-teboroxime studies, 3-view planar 
imaging was completed approximately 16 minutes 
after injection. Tc-teboroxime detected abnormali- 
ties in 16 of the 20 patients with coronary artery 
disease (80%), which was not significantly different 
from the 17 of 20 (85%) detected by *'TI. Similarly, 
considering >70% as stenosis significant, no sa- 
lient difference was noted between Tc-teboroxime 
and *'TI for identifying diseased coronary arteries, 
with 19 of 45 (42%) being detected by Tc- 
teboroxime and 21 of 45 (47%) being detected by 
“TI. Both agents were positive in one of 15 vessels 
without significant stenosis. Hepatic uptake of 
Tc-teboroxime obscured inferoapical segments in 
some views in 14 of the 20 coronary artery disease 
patients, but this did not interfere with identifica- 
tion of abnormal vessels. 
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In a large multicenter trial,” 177 patients were 
studied with Tc-teboroxime imaging using either 
planar or SPECT methods and the results were 
compared with cardiac catheterization and/or *"T] 
imaging. In the angiographic correlations, the over- 
all sensitivity for coronary artery disease was 84% 
and specificity was 91%. Teboroxime imaging re- 
sults agreed with “’T] interpretations in 91% of the 
cases. A preliminary report by Hendel and cowork- 
ers” showed that rapid planar imaging techniques 
could be used to collect complete diagnostic te- 
boroxime studies within 5 minutes of injection and 
with the patient in a seated position. 


FUTURE DEVELOPMENTS 

Tc-sestamibi: Future directions in the develop- 
ment of Tc-sestamibi encompass several important 
projects. As with "Tl, quantitative analysis is an 
important adjunct to the interpretation of Tc- 
sestamibi myocardial perfusion images for the 
diagnosis and localization of coronary artery dis- 
ease, as well as the assessment of perfusion defect 
extent and evaluation of prognosis. Using an ap- 
proach similar to that used for quantitation of "p 
SPECT studies,™®? a quantitative method has re- 
cently been developed for interpretation of 2-day 
protocol exercise-rest Tc-sestamibi images. With 
the new approach, a gender-specific normal data- 
base was established, using data obtained from 
patients with a low likelihood of coronary artery 
disease. These SPECT normal limits were used to 
quantitate images acquired with a different camera 
and computer system at the University of Texas 
Southwest Medical Center, with similar results.” 
Another important aspect of quantitative analysis 
relates to sizing of perfusion defects for the accu- 
rate assessment of defect extent as well as progno- 
sis. Prigent et al“ have been exploring the possibil- 
ity of sizing both transmural and nontransmural 
myocardial perfusion defects using gated Tc- 
sestamibi myocardial perfusion SPECT imaging in 
an experimental dog model. 

A major problem with *'Tl and Tc-sestamibi 
SPECT studies is variable attenuation, caused by 
varying distance of myocardial regions from the 
collimator and inconsistent thickness of tissues 
interposed between the myocardium and the colli- 
mator. These attenuation patterns are frequently 
the source of false-positive studies. In a collabora- 
tive study between Emory University, Cedars-Sinai 
Medical Center and UCLA, various algorithms are 
being developed and validated through studies on 
phantoms and experimental animals, aimed at 
correcting for attenuation and scatter.”** We be- 
lieve that incorporation of these algorithms will 


ultimately result in an improvement in the diagnos- 
tic accuracy for detection of coronary artery dis- 
ease. 

Important preliminary evidence suggests that 
further improvement in Tc-sestamibi SPECT im- 
age quality is likely to evolve when protocols are 
specifically tailored to the physical and biologic 
characteristics of this new agent. In a collaborative 
study, comparison of various combinations of 
SPECT acquisition and processing parameters 
showed that, compared with the all-purpose colli- 
mator and 64 x 64 matrix combination that is 
optimal for *'TI, a 128 x 128 matrix and high- 
resolution collimator combination significantly im- 
proved the defect contrast and the definition of 
endocardial and epicardial borders in phantoms 
and animal studies.” This improvement appears to 
be predominantly due to the use of a high- 
resolution collimator. One of the most important 
advantages of Tc-sestamibi over *'T1 is its ability to 
assess myocardial function and perfusion with a 
single injection. This exciting potential is currently 
being investigated.” 

Tc-teboroxime: The ability to do complete rest- 
stress studies in a very short period of time appears 
to be an advantage of Tc-teboroxime over “TI or 
Tc-sestamibi; however, its very rapid myocardial 
clearance detracts from the ability to obtain very 
high quality images. With the advent of 3-detector 
SPECT imaging systems, however, teboroxime may 
be particularly well suited to kinetic SPECT imag- 
ing, allowing rapid tomographic assessment of 
initial uptake and washout of the tracer. Prelimi- 
nary data employing a single-photon ring detector 
system have suggested that compartmental model- 
ing of kinetic data with this tracer could permit the 
quantification of regional myocardial blood flow.” 
The feasibility of very rapid stress-delayed imaging 
with a single injection of this tracer deserves 
further investigation. 


CONCLUSION 

Two new myocardial perfusion imaging agents 
labeled with “Tc are now routinely available for 
clinical use. Both of these new agents allow assess- 
ment of ejection fraction by the first-pass technique 
at rest or during exercise, thus providing additional 
information not attainable with “Tl. With Tc- 
sestamibi, gated SPECT acquisition protocols are 
feasible. Clinical trials of myocardial perfusion 
with both tracers have shown results similar to 
those obtained with ™'TI for detection of coronary 
artery disease. With Tc-sestamibi, image quality 
has already been shown to be superior to that 
achieved with *" Tl. Further improvement in image 
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quality is likely as acquisition protocols are opti- 
mized for these tracers. Because of its slow myocar- 
dial clearance and absence of redistribution, Tc- 
sestamibi allows uncoupling of the time of injection 
from the time of imaging and, thus, may be 
clinically valuable in assessing patients undergoing 
thrombolytic therapy. Tc-teboroxime has excellent 
myocardial tracer uptake characteristics and is 
cleared very rapidly from the myocardium. These 
features make this agent well suited to rapid serial 
studies. It is likely that these new technetium 
myocardial perfusion agents will replace *'T] in 
many of its clinical applications. 
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Positron emission tomography (PET) represents 
an advanced imaging technology for the noninva- 
sive evaluation of regional myocardial blood flow. 
Several blood flow tracers are available, includ- 
ing cyclotron-produced radiopharmaceuticals 
such as ["0]H,0 and [“N]NH, and generator-pro- 
duced rubidium-82 ([“Rb]-) and copper-62 ([*Cul]-) 
pyruvaldehyde-bis-(N-4-methyithiosemicarba- 
zone) (PTSM). “Rb and [“*N]NH, are the most com- 
monly employed tracers for the qualitative evalu- 
ation of regional myocardial perfusion. Their use 
allows the accurate detection of coronary artery 
disease in combination with pharmacologic 
stress. Initial comparative studies with thallium- 
201 (Tl) single-photon emission computed to- 
mography (SPECT) have shown that PET has a 
higher diagnostic accuracy. 

Beyond improved diagnostic performance, the 
quantitative flow measurements provided by PET 
represent an important advance in nuclear cardi- 
ology. The radiopharmaceuticals ["0]H,0 and 
[“*N]NH, have been applied for the noninvasive 
determination of regional coronary reserve. 
Quantification of blood flow based on tracer ki- 
netic modeling yields blood flow values in close 
agreement with determinations provided by inva- 
sive procedures. The noninvasive quantification 
of blood flow provides a useful research and clini- 
cal tool for the objective assessment of thera- 
peutic interventions as well as pathophysiologic 
alterations of regional myocardial blood flow in 
various cardiac diseases. 

(Am J Cardiol 1991;67:35D—43D) 
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ogy has matured over recent years to be- 

come an established imaging modality for 
the noninvasive characterization of cardiac dis- 
ease. Significant advances in scintigraphic data 
acquisition with multi-slice PET instrumentation 
allow three-dimensional determination of regional 
tissue tracer concentration. Furthermore, an abun- 
dance of radiopharmaceuticals labeled with car- 
bon-11 (C), nitrogen-13 (N), oxygen-15 (O), or 
fluorine-18 (F) provide sophisticated delineation 
of specific tissue functions. The temporal definition 
of tissue tracer kinetics and subsequent analysis 
with mathematical models enable quantitative mea- 
surements of physiologic processes such as blood 
flow and metabolic rates. 

Although coronary angiography is considered to 
be the “gold standard” for the characterization of 
coronary artery disease (CAD), data increasingly 
support the importance of noninvasively assessing 
the functional definition of the severity and extent 
of the disease process.’ Regional measurements 
such as absolute or relative coronary reserve have 
been shown to provide a sensitive marker for the 
functional significance of coronary artery stenoses. 
Such measurements represent functional corre- 
lates to the anatomic definition of vascular abnor- 
malities occurring in CAD. Although these mea- 
surements can be obtained invasively by several 
methods, at the present time PET represents the 
only noninvasive approach that accurately quanti- 
fies regional myocardial perfusion." 

This review addresses the clinical role of blood 
flow imaging with PET for the detection of CAD, 
using qualitative evaluation of regional tracer distri- 
bution. Additionally, current methods of quantifi- 
cation of regional myocardial blood flow under 
various physiologic conditions are compared. 


PpP ositron emission tomography (PET) technol- 


RADIOPHARMACEUTICALS 

Several blood flow tracers are available for the 
evaluation of myocardial perfusion using PET 
(Table I). Based on the mode of production, these 
radiopharmaceuticals are divided into two groups. 
Rubidium-82 ([*Rb]-) and copper-62 ([®Cu]-) pyru- 
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TABLE I Extraction Fraction (EF), Tissue and Physical Half-life, 
and Emitted Positron Energy for Tracers Used for Determination 
of Myocardial Blood Flow with PET 


PET Myocardial Blood Flow Tracer 


















Positron 
Energy MeV 


Tissue 
EF Half-life 


Physical 
Half-life 





Generator-produced 


Rubidium-82 ~65% Long (hrs) 13min 3.3 

Copper-62 ~60% Long (hrs) 9.8min 2.9 
Cyclotron-produced 

('°NJNH, ~90% Long(hrs) 10min 1.2 

[‘SO]H,0 ~100% Short(sec) 2min 1.72 

1C microspheres ~100% Long (hrs) 20 min 0.96 





valdehyde-bis-(N-4-methylthiosemicarbazone) 
(PTSM) are generator-produced radiopharmaceu- 
ticals; [“NJNH,, [O]H,O, and "C-labeled com- 
pounds require an on-site cyclotron for their pro- 
duction. 

Generator-produced flow tracers: The stron- 
tium-82 (*Sr)/*Rb generator-produced flow tracer 
is commercially available. The radiopharmaceuti- 
cal *Rb, recently approved by the U.S. Food atid 
Drug Administration for the evaluation of myocar- 
dial blood flow,’ is currently the most practical 
tracer available for PET imaging. The *Sr/ Rb 
generator is being used in combination with a 
dedicated infusion system, which permits safe and 
reproducible administration of “Rb with minimal 
radiation exposure to the technical staff (Figure 1). 
The short physical half-life of “Rb (76 seconds) 
allows blood flow measurements in short time 
intervals. By combining the use of “Rb with phar- 
macologic stress testing, regional myocardial flow 
reserve can be evaluated in about 1 hour, which 
compares very favorably with the time required for 
the acquisition of thallium-201 (*" Tl) or technetium- 
99m (”Tc) isonitrile single-photon emission com- 
puted tomography (SPECT) stress studies. 

The practical advantages of “Rb are somewhat 
offset by the physiologic and physical properties of 
this tracer. The myocardial extraction fraction of 
“Rb is lower than that of TIl, and it decreases 
considerably with increasing blood flow. There- 
fore, high flow rates produce inaccurate measure- 
ments due to the nonlinear relationship between 
&Rb tissue retention and blood flow. Furthermore, 
“Rb emits positrons with an energy of 3.3 MeV 
that travel a longer distance than those of "N or "C 
in tissue before they annihilate with electrons. 
Thus, the image resolution obtainable with “Rb is 
less than that available with [“N]NH, (Table I). 
However, the loss of resolution by the high energy 
of “Rb positrons is small in comparison to the 
effect of cardiac motion on the spatial resolution of 
nongated cardiac images. 





FIGURE 1. °*Sr/*Rb generator mounted to a computer con- 
trolled infusion system to allow convenient administration 
of the compound to the patient. 


[(°Cu]PTSM represents a newly introduced flow 
tracer produced with the zinc-62 (°"Zn)/’Cu gener- 
ator. Although this radiotracer has been validated 
only in experimental studies, the preliminary re- 
sults are promising.’ “Cu has a physical half-life of 
9.8 minutes and, like “Rb, exhibits a high positron 
energy (Table I). The myocardial extraction of 
PTSM is similar to that of “Rb, and the clearance 
from myocardial tissue is slow—both desirable 
characteristics for blood flow imaging. The usable 
time period for a °Zn/*Cu generator is only about 
24 hours, in contrast to the “Sr/’Rb generator, 
which has a shelf life of about 6 weeks. This may 
limit its distribution, as well as the availability of a 
continuous supply of compounds for the evaluation 
of myocardial blood flow. However, in combination 
with a centrally located cyclotron, generator- 
produced flow tracers such as [*’Rb]- or [*Cu]PTSM 
can be combined with ['F]deoxyglucose for the 
simultaneous evaluation of blood flow and tissue 
metabolism without the need of an on-site cyclo- 
tron. 

Cyclotron-produced flow tracers: The cyclo- 
tron-produced tracers most commonly used for the 
evaluation of myocardial blood flow are ['"N]NH, 
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and ["O]H,O. Figure 2 shows the time course of 
both tracers in myocardial tissue and blood pool, 
following an intravenous bolus injection. The com- 
pound [""N]NH,; has a physical half-life of 10 min, is 
avidly taken up by the myocardium, and clears 
rapidly from the blood pool. It enters the extravas- 
cular space and is converted in myocardial tissue to 
["N]glutamine.° The clearance half-time of ®N 
from the myocardium is slow, and yields a high 
contrast between myocardial and blood activity. 
The retention of “N in myocardium represents a 
combination of delivery (blood flow) and metabolic 
incorporation. These physiologic and physical prop- 
erties of ['"N]NH, provide excellent image quality 
in combination with PET. 

In patients with severely impaired left ventricu- 
lar function or a history of heavy smoking a 
considerable amount of ['*N]NH, is retained in 
lung tissue, thus decreasing the heart-to-lung activ- 
ity ratio. In contrast to “Rb, [N]NH, is avidly 
taken up by the liver and may, therefore, affect the 
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FIGURE 2. Comparison of myocardial and blood pool time- 
activity curves obtained using [**O]H,O (above) and 
[“*N]NH, (below). The arterial input curve (squares) repre- 
sents blood pool activity and is similar for both tracers. 
The tissue curve (circles) for [**N]NH, demonstrates reten- 
tion of the tracer, yielding high contrast between myocar- 
_ dial and blood activity as early as 1 min after injection. In 
- contrast, the [*0]H,0 tissue activity curve shows little 

contrast to blood activity due to rapid back diffusion of 
the tracer from tissue. 





evaluation of the inferior wall of the left ventricle if 
the liver is in close proximity to cardiac tissue. 

The compound ["O]H,O represents a metaboli- 
cally inert flow tracer. It diffuses freely across 
membranes and is highly extracted by myocardial 
tissue. Animal studies have shown a stable single 
first-pass extraction of ['"O]H,O over a wide flow 
range, indicating ideal physiologic characteristics 
of this tracer.” However, ['°O]H,O retained in 
myocardium diffuses rapidly back into the vascular 
space. Thus, the contrast between “O activity in 
the vascular space and myocardial tissue is small. 
In fact, the concentration ratio of blood to tissue 
reaches unity within 60-90 seconds after injection, 
depending on blood flow (Figure 2). Most studies 
employing [""O]H,O for the evaluation of myocar- 
dial perfusion are using a separate imaging proce- 
dure with [’O]carbon monoxide, which labels red 
blood cells, and thus allows for the delineation of 
the vascular space within the myocardium and the 
ventricular chambers. By combining both ap- 
proaches, the vascular activity can be subtracted 
and regional myocardial [*O]H,O retention visual- 
ized. This dual tracer approach may limit the 
clinical application of [°O]H,O studies because 
blood pool scans are required under both resting 
and stress conditions. 

Besides ["O]H,O and ["N]NH,, C or gallium- 
labeled (°°Ga) microspheres have been used for the 
assessment of myocardial perfusion. This tracer 
approach is limited to the injection of the tracer 
either into the left atrium or left ventricle, which is 
only possible in the catheterization laboratory. 


QUALITATIVE EVALUATION OF MYOCARDIAL 
PERFUSION 

Qualitative evaluation of regional tracer distri- 
bution using “Rb and ”®N has been employed to 
detect CAD. Taking advantage of the attenuation 
correction provided by PET, relative tracer concen- 
tration is more homogeneous throughout cross- 
sectional images of normal myocardium, as com- 
pared to *'Tl SPECT imaging (Figure 3). Recently 
published normal data for regional *'T] retention 
on SPECT images demonstrate considerable varia- 
tion between the anterior and inferior walls of the 
left ventricle in a male population, thus indicating 
the significant effect of photon attenuation.’ Atten- 
uation artifacts are common with ™'Tl SPECT 
imaging and may limit the specificity of this test for 
the diagnosis of CAD. 

PET evaluation of myocardial perfusion at rest 
and during stress provides detection of regional 
perfusion abnormalities with high diagnostic accu- 
racy (Figure 4). Most stress flow studies are per- 
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formed following pharmacologic coronary vasodila- 
tation (dipyridamole, adenosine) because the 
combination of PET with exercise poses technical 
difficulties, especially if the short-lived tracer “Rb 
is employed. Table II depicts recently published 
diagnostic results using ['"N]NH, or “Rb in combi- 


nation with PET. Schelbert et al demonstrated, 


that use of ['"N]NH, provides sensitive detection of 
CAD. Gould et al.” employed “Rb in combination 
with dipyridamole in a larger group of patients with 
suspected CAD, and reported a high sensitivity 
and specificity for the detection of disease. Demer 
et al.!° extended this study to 193 patients. The 
noninvasive assessment of relative coronary re- 
serve by “Rb PET correlated closely with the 
angiographic definition of the severity of CAD 
employing quantitative measurements. These re- 
sults suggest an excellent diagnostic performance 
of PET flow imaging for the detection of CAD. 
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FIGURE 3. Comparison of normal distribu- 
tion of **Rb and °T on a polar map display 
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attenuation. Thallium-201 data adapted 
from the Journal of Nuclear Medicine.’ 






Only a few studies directly compared PET flow 
imaging with *'Tl SPECT in the same patient 
population. Tamaki et al." employed [ŻN]NH, 
PET imaging together with “'TI SPECT in patients 
with angiographically proven CAD. Both imaging 
procedures yielded a high sensitivity for the re- 
gional detection of disease. However, this study did 
not include a normal control population; thus, no 
conclusions can be drawn about the specificity of 
both imaging modalities. 

More recently, two investigations compared “Rb 
PET imaging with “Tl SPECT imaging in the same 
patient population. In the first study of 132 pa- 
tients, Go et al? from the Cleveland Clinic re- 
ported a significantly higher diagnostic accuracy of 
“Rb PET imaging for the detection of CAD. 
Sensitivity and specificity of “Rb PET were higher 
than those of TI SPECT and yielded a signifi- 
cantly improved diagnostic accuracy of 92% for 


FIGURE 4. Cross-sectional “Rb images of 
with significant left anterior de- 
scending artery (LAD) stenosis. The resting 


dipyridamole infusion, a marked perfusion 
abnormality is noted in the anteroseptal 
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Schelbert et al? (1982) 32 NH, Dip 

Demer et al? (1989) 193 NH,Rb Dip 94 
Stewart et al’? (1991) 81 Rb Dip 85 
Go et al’? (1990) 132 Rb Dip 95 


Tamaki et al’! (1985) 48 
N = Number of patients: 492 94 


Acc = accuracy; Dip = dipyridamole; Ex = bicycle ergometer; NH; =[ 





PET as compared with 76% for SPECT. Both 
imaging procedures followed a single infusion of 
dipyridamole, thus avoiding the variability of re- 
peated stress testing in the study population. The 
results of the second study, performed at the 
University of Michigan, failed to confirm the higher 
sensitivity of “Rb PET for detection of CAD." 
Both PET and SPECT identified disease correctly 
in about 85% of the cases. However, PET signifi- 
cantly out-performed SPECT in terms of specificity 
~ (Table II). The overall diagnostic accuracy of PET 
and SPECT agreed closely with the data obtained 
by Go et al.” Although patient selection for cardiac 
catheterization may explain the low specificity of 
“TI SPECT described by the Michigan study, 
several recent studies indicate the relatively high 
incidence of false-positive *'T] SPECT results.'*" 
“Rb PET showed a significantly lower rate of 
false-positive findings in the same patient popula- 
tion. The diagnostic difference was most obvious in 
the diagnosis of disease involving the inferior wall 
of the left ventricle. Diaphragmatic attenuation 
artifacts appear to be less common with “Rb PET 
imaging, which clearly indicates the limitations of 
the low energy tracer “Tl for SPECT imaging. 
Future use of ”"Tc-labeled radiopharmaceuticals 
may Overcome some of these limitations, but sophis- 
ticated attenuation correction of SPECT images 
may be required to match the advanced imaging 
technology provided by PET instrumentation. 
Thus, PET in combination with “Rb or ['"N]NH, 
yields higher diagnostic accuracy for detection of 
CAD as compared to *'Tl SPECT. This primarily 
reflects the improvement of scintigraphic data 
acquisition provided by PET. Preliminary studies 
analyzing the cost of PET imaging and its impact 
on the management of patients with proven or 
suspected CAD suggest an overall cost-saving ef- 
fect due to less unnecessary cardiac catheteriza- 
tion. However, the question remains whether the 
higher diagnostic accuracy of this modality justifies 
the increased costs involved with this test. Further 
investigation will define the economic cost-benefit 
ratio of PET flow imaging for detection of CAD. 


TABLE II Diagnostic Performance of PET and TI-201 SPECT for Detection of Coronary Artery Disease 
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QUANTIFICATION OF MYOCARDIAL BLOOD 
FLOW BY PET 

As outlined above, PET provides the most 
sophisticated technology to quantify regional tracer 
concentration in the myocardium. The time course 
of tracer distribution in myocardium and blood can 
be defined by using dynamic image acquisition. 
The most commonly used flow tracers are ['"N]NH, 
and ["O]H,O. In order to quantify myocardial 
blood flow in units of ml/min/100 g, the accumula- 
tion and fate of the radiopharmaceutical in myocar- 
dial tissue must be described by appropriate math- 
ematical models. The exchange of tracer between 
vascular space and tissue is commonly described in 
terms of compartmental models. These models rely 
on two basic assumptions: first, the tracer is homo- 
geneously distributed in these compartments; and 
second, the transfer from compartments occurs 
with conservation of mass. Theory and application 
of compartmental analysis require the develop- 
ment of a current model for the behavior of any 
particular tracer in the biologic system. Knowledge 
about the physiologic behavior of the tracer should 
provide justification for the specific structure as 
well as the parameters of the compartmental model. 

The configurations of compartmental models 
used frequently for quantification of blood flow are 
shown in Figure 5. The two-compartmental model 
consists of a vascular as well as an extravascular 
compartment. It is most applicable to the descrip- 
tion of the tracer kinetics of freely diffusable blood 
flow tracers such as ["O]H,O. The injected tracer 
is delivered by the vascular space, diffuses immedi- 
ately across the membrane, and equilibrates within 
the tissue. The exchange between the two compart- 
ments is expressed by the rate constants K, and k,. 
In case of freely diffusable tracers, values for blood 
flow are usually derived from the estimation of k,, 
which represents the clearance of activity from 
tissue.” 

In contrast, the description of tissue kinetics for 
[ N]NH,; requires a more complex three-compart- 
mental model (Figure 5). The vascular compart- 
ment represents the tracer concentration in plasma 
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FIGURE 5. Tracer kinetic models employed for determina- 


tion of blood flow using PET data. The model used for 


between 

[PN]NH, depends on its metabolic incorporation into glu- 
tamine via the glutamate-glutamine pathway. A 3-com- 
partmental model including the rate constants K,, k2, and 
k, has to be used to separate initial extraction from back- 
diffusion (k,) and retention (k,). K, is usually written with a 
capital letter in order to indicate that it expresses a clear- 
ance rate constant rather than a transfer rate constant. 
The plasma activity concentration has the dimension 
umol/ml and the activity concentration in tissue the di- 
mension mol/g, where K, is expressed in mi/min/100 g as 
an index of myocardial blood flow. The rate constants k,-k, 
are expressed in min“. 


of the coronary capillaries. The two extravascular 
compartments represent different chemical states 
of the tracer but do not distinguish between anatom- 
ically separable spaces. Within the extravascular 
compartment, the tracer competes for back diffu- 
sion into the vascular space (k,) and transfer into 
the metabolic compartment (k,). In the case of 
[PN]NH,, the label is trapped in the myocardium in 
the form of [‘N]glutamine.'* The release of “N 
activity from myocardium is very slow. Therefore, 
for the description of [ŻN]NH,; kinetics, k, (describ- 
ing the metabolism of [“N]glutamine) can be 
neglected in view of the short physical half-life of 
[SNJNH, (10 minutes). In this model, the blood 
flow equals K, times the single-pass extraction 
fraction of the tracer. [N]NH, is extracted from 


blood with a high extraction fraction.’ Based on 
experimental data by Schelbert et al." the single- 
pass extraction fraction only slightly decreases in 
high-flow states, and is assumed to be greater than 
90%, even for flow values up to 500 ml/min/100 g of 
tissue. However, the net retention of ['"N]NH, in 
myocardial tissue depends on flow and the meta- 
bolic incorporation of ['*N]NH;. Because not all of 
the activity entering the extravascular compart- 
ment is metabolized, the assessment of flow based 
on retained ['*N]NH, activity underestimates myo- 
cardial blood flow. This is most apparent during 
high-flow states where k, becomes the rate-limiting 
step for the incorporation of the label into the 
metabolic compartment. Thus, to minimize under- 
estimation of high flow states, a tracer kinetic 
model separating K, and k, is necessary. Detailed 
descriptions of the tracer kinetic models employed 
for [O]H,O and [N]NH, are provided by 
Hutchins et al,’ Iida et al,? Krivokapich et al,” and 
Bergmann et al.” 


COMPARISON OF [“N]NH, AND [*°O]H,O 
QUANTITATIVE FLOW MEASUREMENTS: 

Both [PN]NH, and ["O]H,O have inherent 
physiologic and physical advantages and disadvan- 
tages as imaging agents. ['"N]NH, kinetics in myo- 
cardium are more complex than those of ["O]H,O, 
but the longer physical half-life of [N]NH, and 
retention in myocardial tissue make it a superior 
imaging agent. On the other hand, ["O]H,O exhib- 
its almost ideal physiologic properties as a flow 
tracer. However, its short physical half-life and 
high activity in the vascular space are challenging 
for current imaging instrumentation. As a result, 
different kinetic models must be used for quantifi- 
cation of blood flow based on ["N]NH, or [°O]H,O 
kinetics. 

As discussed above, the difference between 
both tracer kinetic models can be expressed by 
specific rate constants that describe myocardial 
blood flow. In the case of [N]JNH;, the rate 
constant K, is used, while the washout rate con- 
stant k, describes blood flow in the ["O]H,O 
model. At different physiologic and pathophysio- 
logic states, K,-based flow measurements are sensi- 
tive to changes of the extraction fraction.” Esti- 
mates of myocardial blood flow by the ["O]H,O 
method reflect k, and the partition coefficient of 
water among plasma, red blood cells, and myocar- 
dial tissue, which may also vary under different 
pathophysiologic conditions.” In contrast to the 
metabolically inert ['°O]H,O, [ŻN]NH,; is rapidly 
metabolized in the liver following intravenous injec- 
tion, and °N-labeled metabolites appear rapidly in 
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blood.® The quantification of regional myocardial 
blood flow by ["N]NH, requires the definition of 
the arterial input function. Recent studies indicate 
that the effect of "N metabolites in blood on 
myocardial blood flow measurements is relatively 
small, and correction for metabolic contamination 
may not be necessary.’ 

The major advantage of ['°O]H,O is that blood 
flow measurements are less affected by partial 
volume effect. The spatial resolution provided by 
current PET instrumentation ranges between 6 
and 10 mm. In the human heart, the left ventricular 
wall thickness averages between 10 to 20 mm, 
depending on the degree of wall thickening during 
the cardiac cycle. Thus, the recovery of tracer 
information from the left ventricular wall is influ- 
enced by partial volume effect. Undersampling 
becomes most prominent if the left ventricular wall 
is thinned, such as in patients with previous myocar- 
dial infarction or severe contractile dysfunction.” 
Because flow measurements with ["O]H,O are 
~ based on the washout of activity (relative change of 
activity), the partial volume effect is less important 
for the accurate estimate of clearance kinetics. 
Conversely, ['"NJNH, flow measurements depend 
on the accurate estimate of the initial uptake of 
this tracer in the myocardium. These measure- 
ments are sensitive to the partial volume effect.*” 
Thus, in areas of previous myocardial infarction, it 
is expected that ["N]NH,; blood flow measure- 
ments will underestimate the true myocardial blood 
flow. 

Although clearance kinetics are less sensitive to 
partial volume effects, Monte-Carlo simulations 
have shown that the coefficient of variation for a 
washout rate constant is about 3 times higher than 
the same coefficient for an uptake rate constant. It 
is obvious that further research is required to 
define the relative error sensitivity of uptake pa- 
rameters ([ĊN]NH,) and washout parameters 
({°O]H,O) under various physiologic and patho- 
physiologic conditions. 

It is expected that myocardial blood flow can 
also be quantified using [*Rb]- and [Cu]PTSM. 
Current research is focusing on the development of 
a kinetic model for “Rb. The kinetics of “Rb 
resemble those of *'T1. However, the short half-life 
of this tracer requires PET instrumentation with 


high sensitivity and count-rate capabilities for the 
accurate definition of time-activity curves. 


APPLICATION OF QUANTITATIVE FLOW 
MEASUREMENTS BY PET 

Shah et al” compared the retention of ["N]NH, 
in canine myocardium with blood flow as assessed 
by radiolabeled microspheres. As expected, a non- 
linear relationship between both measurements 
was observed. This accompanied a significant under- 
estimation of myocardial blood flow based on the 
retained ['"N]NH, activity at high-flow states (Ta- 
ble II). With the introduction of a tracer kinetic 
model that corrects for the decreasing retention 
fraction at high flows, a linear relationship between 
["N]NH, and microspheres blood flow could be 
demonstrated over a wide flow range.” 

Bergmann et al.’ validated ['"O]H,O flow mea- 
surements in the canine model. Again, comparing 
scintigraphic measurements with microspheres 
blood flow, these investigators demonstrated a 
linear relationship between both measurements 
over a flow range from 30 to 500 ml/min/100 g 
(Table III). The correlation coefficient for both 
measurements was 0.95, which indicates the accu- 
racy of these measurements in the animal model. 

Quantitative measurements of regional myocar- 
dial blood flow in human myocardium have been 
performed with both ["N]NH, and ["°O]H,O. Blood 
flow measurements at rest and following pharmaco- 
logic stress are in close agreement with data 
previously obtained by coronary sinus catheteriza- 
tion or Doppler flow catheters (Table IV). The 
relative increase of myocardial blood flow (coro- 
nary reserve) in normal volunteers was greater 
than 4 to 1, which again agrees closely with indepen- 
dent measures of coronary reserve by Doppler 
catheters and studies performed in the animal 
model.’ Quantitative flow measurements during 
stress (Table IV) indicate that the increase in 
myocardial blood flow is greater following dipyrida- 
mole infusion than following exercise. This may 
reflect the difficulty of reaching adequate cardiac 
workload with bicycle exercise during PET imag- 
ing.” 

The noninvasive determination of coronary re- 
serve by pharmacologic means may provide a 
useful and reproducible parameter for the func- 


TABLE Ili Correlation of PET and Microspheres Flow Measurements in Canine Myocardium 


Flow Range 
Author Tracer 


Bellina et al (1990) 
Bergmann et al? (1989) 
Shah et al? (1985) 


[ml/min/100 g] 





Correlation 


y = —0.18 + 1.08x 
y = 0.00 + 1.06x 
= —36.2 + 1.53x — 0.0027x? 


(R = 0.96) 
(R = 0.95) 
(R = 0.94) 
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Rest Flow 


Author Tracer [ml/min/100 g] 


Araujo et al** (1990) 


Bergmann et al? (1989) 
Hutchins et al? (1990) 
Krivokapich et al** (1989) 


*Post-stenotic vascular territories. 





tional assessment of severity of CAD. Results by 
Araujo et al and Walsh et al” indicate that the 
regional coronary reserve is markedly decreased in 
poststenotic ventricular segments. Walsh et al” 
studied patients undergoing coronary angioplasty 
prior to and following this procedure. The coro- 
nary reserve averaged 1.3 in the stenotic area prior 
to angioplasty but increased to 3.3, 5 days after 
revascularization. Thus, quantitative flow measure- 
ments may be used following angioplasty for the 
objective assesment of the intervention results, and 
also as a predictive parameter for restenosis. 

In addition to useful diagnostic and prognostic 
information in patients with CAD, quantitative 
flow measurements can also provide an objective 
assessment of drug therapy. Such measurements 
can also be applied in cardiac diseases character- 
ized by global changes in blood flow. 

Flow measurements based on relative tracer 
distribution are of limited use in such disease 
groups. In patients with chest pain and normal 
coronary arteries, [°O]H,O blood flow measure- 
ments have been shown to identify decreased 
coronary reserve.” Thus, among angina patients, 
PET may provide a unique diagnostic means to 
identify those patients with presumably small- 
vessel CAD. 

Quantitative flow measurements have also been 
employed in patients with cardiac transplants.” 
Few studies have suggested that the coronary 
reserve is reduced in patients with transplant 
rejection. This indicates altered coronary hemody- 
namics, with further studies required to define the 
diagnostic yield of such measurements in the fol- 
low-up of patients with cardiac transplantation. 

Although the coronary reserve represents a 
sophisticated tool to describe the functional state 
of the coronary vasculature, its magnitude is af- 
fected by physiologic processes. For example, ele- 
vated blood pressure and heart rate increase rest- 
ing blood flow and decrease coronary reserve.” On 
the other hand, pharmacologic action of dipyrida- 
mole or adenosine may be attenuated in some 
patients, especially if they take medications known 
to interact with these drugs. Therefore, the inter- 


Stress Flow 


[ml/min/100 g] Stress/Rest Stress 


352 + 112 
1327S 25% 
355.+ 115 
417 +112 
135 + 22 


Dipyridamole 


Dipyridamole 
Dipyridamole 
Bicycle ergometer 


pretation of flow measurements in patients with 
various cardiac diseases requires careful consider- 
ation of all factors which may affect the magnitude 
of global and regional coronary reserve. 


CONCLUSION 

PET provides an advanced imaging technology 
that allows the accurate definition of regional 
tracer distribution. This technology, in combina- 
tion with “Rb and ['"N]NH,, allows for the sensi- 
tive and specific detection of CAD. Several studies 


indicate the superiority of this approach in compar-~_ 


à 


ison to standard *’Tl SPECT imaging. However, 
further studies are needed to define the cost- 
benefit ratio of this technology for the management 
of patients with suspected or proven CAD. 

PET represents the most accurate noninvasive 
means to measure regional blood flow and can be 
used in combination with pharmacologic stress 
tests to quantify regional coronary reserve. Tracer 
kinetic models for ['""NJNH, and ["O]H,O provide 
accurate flow estimates over a wide flow range. 
Quantitative flow measurements by PET provide a 
sophisticated tool for research and clinical charac- 
terization of patients with CAD. Short-lived radio- 
pharmaceuticals used for PET allow the combined 
evaluation of flow and other tissue functions such 
as metabolism, which may prove useful in the 


assessment of the extent and severity of myocardial — 


disease. 
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Assessment of the Human Coronary Circulation 
Using a Doppler Catheter 


Robert F. Wilson, MD 





Arteriographic estimates of stenosis severity can 
fail to reflect the impact of an individual stenosis 
on delivery of blood to the myocardium. Whether 
a coronary stenosis is truly flow-limiting can be 
determined by measuring hyperemic blood flow 
or coronary flow reserve; however, until recently, 
the tools needed to measure coronary flow re- 
serve in humans—namely, a method of quanti- 
tating coronary blood flow in individual arteries 
and another method for producing maximal mi- 
crovascular vasodilation—vwere not available. 
Over the last 8 years, our laboratory group has 
developed a catheter for measuring coronary 
blood flow velocity in humans, using the Doppler 
principle, and studied the effects of microvascu- 
lar vasodilators. These studies have enabled us 
to measure coronary flow reserve in humans and 
to characterize some of the effects of focal and 
diffuse atherosclerosis on the coronary circula- 
tion. In addition, we have used flow reserve mea- 
surements in the diagnosis of microvascular dys- 
function in patients with chest pain and normal 
coronary arteries and as a means of assessing 
noninvasive methods for detecting focal coronary 
artery disease. 

(Am J Cardiol 1991;67:44D—56D) 
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lood flow to the myocardium is regulated 
B primarily by coronary arteries less than 400 

um in diameter." Even at peak flow condi- 
tions, the large epicardial vessels (those visible on 
the angiogram) contribute less than 10% of the 
total coronary resistance to blood flow.’ As a 
stenosis develops in a coronary artery, the resis- 
tance produced by the epicardial vessel rises, 
primarily because turbulent energy losses develop 
as blood exits the stenosis.’ To maintain normal 
resting blood flow, the coronary microcirculation 
dilates, normalizing total coronary resistance and 
blood flow (Figure 1). As the stenosis becomes 
more severe, the microvasculature fully dilates. 
Further increases in stenosis severity result in a fall 
in resting blood flow.” 

Seminal studies by Gould et alf demonstrated in 
normal canine vessels that a focal stenosis could 
obstruct up to 90% of the vascular cross-sectional 
area without altering resting coronary blood flow 
(Figure 2). Peak hyperemic blood flow, however, 
began to decline when 75% of the vascular cross- 
sectional area (50% of the diameter) was compro- 
mised. Hence the caliber of the epicardial coronary 
arteries is much larger than that required to 
conduct blood flow to the myocardium, even dur- 
ing periods of maximum oxygen consumption. Fo- 
cal coronary stenoses in dogs that produce more 
than 50% diameter stenosis (75% area stenosis), 
however, can reduce peak hyperemic flow and are 
termed “physiologically significant.” 

How can these studies in dogs be applied to 
humans with atherosclerotic coronary obstruc- 
tions? After its introduction in the 1960s, coronary 
arteriography became the gold standard for assess- 
ing the presence and severity of obstructive coro- 
nary artery disease. Based on the prior work in 
animals, a 50% diameter (75% area) stenosis 
found at arteriography was deemed to be physiolog- 
ically significant. As a result, patient care decisions 
were made and the accuracy of noninvasive tests 
was determined using >50% diameter stenosis as 
the criterion for “significant” coronary artery dis- 
ease. 
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FIGURE 1. The effects of an epicardial 
stenosis on coronary flow reserve. Top 
panel: Dilation of a normal microvascu- 
lature with papaverine causes blood 
flow to increase 4-fold. Middle panel: An 
epicardial 


little additional effect. Flow reserve is 
reduced. Bottom panel: Microvascular 
disease prevents normal arteriolar dila- 
tion, reducing flow reserve. 
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The obvious problem in using 50% diameter 
Stenosis to infer potential flow limitation by a 
coronary lesion is that humans with atherosclerosis 
are different from dogs with normal coronary 
arteries. When clinicians read arteriograms, the 
diameter of a stenosis is compared to the diameter 
of an adjacent “normal” vessel. The interpretation 
of stenosis severity depends on the “normality” of 
the adjacent arterial segment, and the adjacent 
segment is usually not normal. Histologic studies of 
atherosclerotic coronary arteries demonstrate that 
atherosclerosis causes diffuse infiltration of the 
coronary wall in addition to the focal severe stenoses 
seen by arteriography.” To complicate matters 
even further, atherosclerotic arteries frequently 
and somewhat unpredictably dilate in overall size 
as atherosclerosis progresses.*” Diffuse narrowing 
and “ablumenal” dilation in the coronary arterial 
tree cannot be detected by arteriography because 
the arteriogram shows only the dimensions of the 
lumen of the vessel; with rare exceptions, the truly 
normal dimensions of the artery (for example, at 
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age 18) are not available. Consequently, it is not 
surprising that arteriographic estimates of stenosis 
severity can fail to reflect the actual impact of an 
individual stenosis on delivery of blood to the 
myocardium." 

If the anatomy, as defined on the angiogram, 
does not necessarily reflect the physiology, then 
what standard can we rely on to tell us if a coronary 
stenosis is truly flow-limiting? Physiologic signifi- 
cance of coronary lesions could be detected by 
measuring hyperemic blood flow or coronary flow 
reserve—the ratio of hyperemic blood flow to 
resting blood flow—as was done in the canine 
experiments by Gould et al’ (Figure 1). In the past, 
however, the two tools needed to measure coro- 
nary flow reserve in humans, a method of measur- 
ing coronary blood flow in individual arteries and 
another method for producing maximal microvascu- 
lar vasodilation, were not available. Over the last 8 
years, our laboratory group has developed a cathe- 
ter for measuring coronary blood flow velocity in 
humans and has studied the effects of microvascu- 
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lar vasodilators." These studies have enabled us 
to measure coronary flow reserve definitively in 
humans and to characterize some of the effects of 
atherosclerosis on the coronary circulation. 


DEVELOPMENT OF A CORONARY DOPPLER 
CATHETER 

The Doppler principle, described in the 19th 
century by the Austrian physicist Christian Johann 
Doppler, states that the reflection of a wave (e.g., 
photon, sound) from a moving object will change 
the frequency (Af) of the reflected wave such that 


v = (Af-c)/(2f, * cosh) 


where v = the velocity of the object (e.g., blood 
cells), c = the speed of the wave in the medium 
(e.g., blood), f, = the frequency of the wave sent 
toward the moving object, Af = the difference 
between the sent and returned frequencies, and 
b = the angle between the sound wave vector and 
the moving object vector. Extending the prior work 
of Cole and Hartley’ and Benchimol et al,* we 
developed a catheter-mounted ultrasonic trans- 
ducer to measure blood flow velocity using the 
Doppler principle." 

The catheter developed in our laboratory is 
shown in Figure 3. A small piezoelectric crystal is 
mounted into the side of a 2-lumen polyethylene 
tube. The larger lumen contains a standard, steer- 
able angioplasty guidewire. The smaller lumen 
contains the conductors to the transducer crystal. 
These conductors are connected to a 20 MHz 
pulsed Doppler velocimeter. Functioning in the 
artery, the catheter emits a short 0.8 usec, 20 MHz 
ultrasound burst, 62,500 times/second, and then 
“listens” between bursts. The 20 MHz sound wave 
reflects off the moving blood (mainly the red blood 
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cells). The sound waves reflected to the crystal 
transducer (during the “listening” phase) vibrate 
the crystal, creating an electric current with the 
same frequency as the reflected sound. The fre- 
quency of the returned signal is then analyzed and 
the mean frequency shift (Af of the emitted signal 
minus the reflected signal) is calculated. The fre- 
quency shift is linearly proportional to the blood 
velocity. Consequently, if everything works prop- 
erly, one can measure relative changes in blood 
flow velocity using a Doppler catheter. Further, if 
the angle of incidence () between the sound wave 
and the mean blood velocity vectors are known, 
absolute blood flow velocity can be determined. 
We performed extensive studies to determine 
the accuracy of relative blood flow velocity measure- 
ments using our catheter.’ In a tube system, the 
frequency shift measured using the catheter varied 
linearly with mean tube flow velocities up to 80 
cm/sec (well within the physiologic range). It is 


important to note that we used a Doppler velocime- = 


ter with a “zero-crossing detector”; similar studies 
using a velocimeter with a fast-Fourier transforma- 
tion algorithm might extend the range of the linear 
response.” 

In calves (50-80 kg), we compared relative 
coronary blood flow velocity measurements ob- 
tained with the catheter to similar measurements 
obtained using an extensively validated epicardial 
Doppler probe, and to changes in coronary sinus 
blood flow. Measurements obtained by each method 
were closely correlated when blood flow varied 
from 0.1 to 5.7 times resting blood flow (Figure 4). 
Hence, linearity of measurements was demon- 
strated over the physiologic range of blood flow in 
an animal model with coronary vessels the size of a 
small adult human’s. 


Crystal FIGURE 3. A schematic diagram of a 
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We also examined the possibility that the cathe- 
ter could obstruct hyperemic blood flow. These 
studies showed that maximal coronary blood flow 
velocity was the same when the 1.0-mm diameter (3 
French, 0.75 mm’ cross-sectional area) catheter 
was in the artery as when the catheter was re- 
moved. It has been our experience, however, that 
catheters more than 1.3 mm in diameter (4 French, 
1.33 mm’ cross-sectional area) reduce hyperemic 
blood flow in some animals. In our opinion, coro- 
nary flow measurement catheters should be <1.3 
mm in size (the smaller, the better). 

We have repeated these validation studies in 
animals whenever major design changes were initi- 
ated. In the subsequent developmental studies, 
we have been unable to validate measurements 
using a piezoelectric crystal mounted on the end of 
a catheter. It is unclear whether the problem was in 
transducer configuration or Doppler velocimeter 
design. In vivo studies by Sibley et al” using an 
end-mounted catheter transducer showed that 
changes in velocity measured with the catheter 
tended linearly to overestimate small changes in 
blood flow while underestimating large increases. 
Other studies using the same catheter system 
showed that a linear response could be restored by 
using a fast-Fourier transformation algorithm ve- 
locimeter." In our opinion, end-mount crystal 
transducers using a zero-crossing detector velocime- 
ter will need to be validated convincingly before 
their use can be accepted. 

Finally, we performed toxicity studies. These 
demonstrated that the catheter placed in a coro- 
nary artery causes minimal changes in endothelial 
permeability but no microscopically visible endothe- 
lial denudation." After these studies, the catheter 
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was taken to the clinical catheterization laboratory, 
where coronary blood flow velocity was measured 
in individual coronary arteries of patients undergo- 
ing coronary angiography (Figure 5). 

One of the disadvantages of the Doppler method 
is that velocity is measured rather than volumetric 
flow (velocity x arterial cross-sectional area). We 
have circumvented this problem by giving nitroglyc- 
erin to maximally dilate and “freeze” the size of 
the epicardial vessel containing the catheter, main- 
taining linearity between velocity and flow. Others 
have used quantitative arteriography to measure 
the size of the artery at the point of flow velocity 
measurement." Still others have attempted to 
measure volumetric flow by assuming an angle of 
incidence between the ultrasound and blood flow 
() and calculating absolute blood flow by multiply- 
ing the calculated absolute velocity by the arterial 
cross-sectional area. Given the major problem of 
not knowing the angle of incidence with any 
accuracy (coronary arteries are tortuous) and the 
spectral nature of the returned signal (the returned 
frequencies are not identical), these measurements 
should be viewed with skepticism. 


CORONARY VASODILATORS 

To measure coronary flow reserve in humans, a 
maximal coronary vasodilator must be used. The 
characteristics of an ideal vasodilator are (a) induc- 
tion of maximal coronary vasodilation, (b) a brief 
duration of action so that repeated measurements 
can be obtained in a single study, (c) minimal 
effects on systemic hemodynamics, and (d) no 
significant toxicity. 

lodinated contrast material: The develop- 
ment of the Doppler catheter enabled us to study 
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in humans the effects of vasodilators on the coro- 
nary circulation. Iodinated contrast material (e.g., 
diatrizoate meglumine, iohexol) produced a brief, 
predictable hyperemia, but was not useful because 
its vasodilatory effects were submaximal.” 
“Tonic” contrast agents caused blood flow velocity 
in normal human coronary arteries to increase by 
3.1 + 0.2 x resting velocity (mean + SEM). 
Nonionic contrast caused a lesser rise (2.5 + 0.4 x 
resting velocity for iohexol). Additionally, contrast 
material increases coronary blood flow significantly 
only when given by the intracoronary route. 
Papaverine: In comparison to contrast mate- 
rial, papaverine was an excellent coronary vasodila- 
tor. Intracoronary administration caused coronary 
blood flow in normal humans to increase by an 
average of 4.8 + 0.4 x resting coronary blood flow 
(Figure 6).''”’ In our experience, 12 mg of papaver- 
ine injected into the left coronary artery always 
produced maximal hyperemia. Additionally, the 
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FIGURE 5. Phasic coronary blood flow 
velocity measured with a coronary Dop- 
pler catheter. Note that the ratio of sys- 
tolic to diastolic blood flow velocity is 
higher in the right coronary artery than 
reflect 


time from intracoronary injection to the onset of 


maximal hyperemia was very brief (17 + 1 seconds) > 


and the duration of hyperemia was also short: In 
most patients, peak hyperemia (90% of the abso- 
lute peak value) continued for only 29 + 3 seconds 
and coronary blood flow velocity returned to within 
10% of basal levels in 129 + 16 seconds. The 
duration of hyperemia and the time required to 
return to basal levels increased with the dose 
administered. 

Papaverine has 3 major drawbacks. First, it is 
only effective as a maximal coronary vasodilator 
when administered by the intracoronary route. 
Intravenous doses sufficient to cause maximal coro- 
nary vasodilation also produce maximal systemic 
vasodilation and result in severe arterial hypoten- 
sion. Second, metabolism and excretion of papaver- 
ine are slow and the systemic half-life of the drug is 
in the range of 3.5 hours.” Consequently, although 
useful for measurement of coronary flow reserve in 
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FIGURE 6. Effects of intracoronary 
adenosine and papaverine on coronary 
blood flow velocity. Each drug causes a 
maximal increase in blood flow velocity, 
but the effects of adenosine are 
shorter. 
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the catheterization laboratory, papaverine is not 
useful as an adjunct for noninvasive studies of the 
coronary circulation. 

A third important disadvantage of papaverine is 
that it significantly lengthens the QT interval of the 
electrocardiogram.” We have observed torsades de 
pointes in approximately 1% of patients receiving 
the drug. The arrhythmia is facilitated by coexist- 
ent hypokalemia, hypomagnesemia, and alkalosis. 
Although we have observed the arrhythmia prima- 
rily in patients with a predisposing factor, and 
there have been no important sequelae, torsades 
de pointes remains a troublesome potential side 
effect. Since QT prolongation is dose-dependent, 
we still perform a stair-step dose-response curve in 
each patient so that we use the minimum dose 
required to cause maximal hyperemia (frequently 
less than 12 mg in the left coronary). Despite these 
potential problems, papaverine is an excellent 
agent for producing brief, maximal coronary hyper- 
emia. 

Dipyridamole: Intravenous administration of 
dipyridamole causes an increase in interstitial aden- 
osine concentration, in part by blocking adenosine 
reuptake.” In humans, dipyridamole (total dose of 
0.56 mg/kg given intravenously over 4 minutes) 
caused a 4.8 + 0.6-fold increase in resting coronary 
blood flow (equal to that produced by intracoro- 
nary papaverine). Maximal coronary dilation 
occurred 2—4 minutes after the drug was adminis- 
tered and coronary blood flow velocity remained 
elevated above basal levels for more than 30 
minutes. 

Dipyridamole is an excellent agent for noninva- 
sive studies of the coronary circulation because it 
can be given intravenously, and it causes maximal 
coronary hyperemia in most patients. Its use in the 
catheterization laboratory to measure coronary 
flow reserve, however, is limited because the long 
duration of action precludes multiple studies dur- 
ing a single catheterization. 

Another disadvantage of dipyridamole is that 
approximately 10% of patients fail to achieve maxi- 
mal coronary vasodilation with a dose of 0.56 
mg/kg." In some patients, maximum dilation 
can be achieved by increasing the dose to 0.7 
mg/kg. In a small group of patients, the drug seems 
incapable of causing hyperemia equivalent to that 
obtained with intracoronary papaverine. The rea- 
son for the submaximal response is unclear. 

Finally, a small fraction of patients with severe 
coronary artery disease develop profound myocar- 
dial ischemia after dipyridamole infusion.” The 
mechanism of the ischemia might be dipyridamole- 


induced subendocardial “steal.”” The deleterious 
effects of adenosine (and thus, dipyridamole) can 
be antagonized partially by administration of meth- 
ylxanthines, such as aminophylline. In our experi- 
ence, however, aminophylline (250 mg, intrave- 
nously) causes a reduction in dipyridamole-induced 
vasodilation but does not diminish blood flow to 
normal levels. 

Adenosine: More recently, we investigated the 
effects of adenosine on coronary and systemic 
hemodynamics in humans.” Adenosine is a natu- 
rally occurring nucleoside that has been known for 
over 50 years to cause microvascular coronary 
dilation. Although used extensively in animal stud- 
ies, the use of adenosine in humans has been 
tempered by its propensity to cause profound 
depression of the sinoatrial and atrioventricular 
(AV) nodes. In animals, doses of adenosine re- 
quired to produce maximal coronary vasodilation 
frequently cause transient heart block, sinus brady- 
cardia, and systemic vasodilation resulting in hy- 
potension. It is curious, however, that dipyrida- 
mole is relatively well tolerated, because it acts 
indirectly by increasing interstitial adenosine con- 
centration. 

Our studies showed that injection of >16 ug 
boluses of adenosine into the left coronary (12 yg 
into the right coronary) caused maximal coronary 
hyperemia in 91% of patients, without significantly 
changing heart rate, AV conduction, or arterial 
pressure (Figure 6).”’ Similarly, intracoronary infu- 
sions of > 80 g/min into the left coronary caused 
maximal hyperemia without altering systemic hemo- 
dynamics or conduction. The duration of hypere- 
mia after intracoronary adenosine (maximal hyper- 
emia lasted 12 + 5 seconds and blood flow velocity 
returned to within 10% of baseline in 37 + 7 
seconds) was significantly shorter than papaverine 
hyperemia. Additionally, after stopping a continu- 
ous left coronary infusion of 240 ug/kg/min (3 
times the maximal vasodilatory dose), blood flow 
velocity returned to normal in 143 + 75 seconds. 

Intravenous administration of 140 wg/kg/min 
caused maximal hyperemia in 83% of patients, and 
also caused a small fall in mean arterial pressure 
(—5 + 1 mm Hg) and a moderate reflex-mediated 
rise in heart rate (19 + 4 beats/min). It is important 
to emphasize that at submaximal intravenous doses, 
coronary blood flow velocity fluctuated widely, with 
a periodicity of about 30 seconds (Figure 7). 
Additional intracoronary adenosine caused a 
prompt rise in flow velocity, suggesting that cyclic 
variations in adenosine concentration are the cause 
of the cyclic variations in flow. The time required 
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FIGURE 7. A record obtained in the catheterization laboratory from a normal patient receiving an intravenous adenosine 
infusion. The top two traces show phasic and mean coronary blood flow velocity (ACBFV), the middle two traces display 
the aortic and intracoronary pressures, and the bottom trace shows the electrocardiogram. An infusion at 70 g/kg/min 


caused blood flow velocity to fluctuate widely. When blood flow velocity fell, it was increased rapidly 


coronary adenosine, suggesting that the aortic adenosine concentration may have fluctuated at the 70 .g/kg/min infu- 
sion rate. Increasing the infusion to 100 and 140 ,.g/kg/min caused sustained maximal hyperemia. 


for blood flow velocity to return to basal levels after 
stopping a 140 yg/kg/min infusion was 145 + 67 
seconds. 

Adenosine is generally well tolerated when 
given by the intracoronary route. Intravenous ad- 
ministration causes flushing, palpitations, and, in 
one instance in our experience, brief 2:1 AV block 
in a patient taking a B-adrenoreceptor antagonist 
and a calcium channel antagonist. 

From these studies, it is clear that intracoronary 
papaverine or adenosine are the two vasodilators 
best suited for measurement of coronary flow 
reserve in the catheterization laboratory (Figure 
6). Both are maximal dilators with a short duration 
of action and a low incidence of side effects; 
neither importantly alters systemic hemodynamics. 
For noninvasive studies outside the laboratory, 
either adenosine or dipyridamole offers maximal 
coronary vasodilation in the vast majority of pa- 
tients. Adenosine has the added advantage of a 
very brief duration of action but the disadvantage 
of cyclic variation in flow at submaximal doses and 
infrequent episodes of AV block. 


CORONARY FLOW RESERVE MEASUREMENTS 
IN HUMANS 

To measure flow reserve, a Doppler catheter is 
placed selectively into the coronary artery under 
study by the same method used to place angio- 
plasty catheters (guide catheter, steerable 
guidewire). Heparin should be given in a dose 
sufficient to prolong the activated clotting time to 
> 300 seconds. The Doppler catheter is positioned 
in a location where an acceptable signal of coro- 


nary blood flow velocity can be obtained. An ™ 


acceptable signal shows the typical phasic pattern 
of coronary blood flow velocity (diastolic domi- 
nant), a resting frequency shift of at least 1 kHz, 
and the absence of low frequency sounds typical of 
vessel wall artifact (Figure 5). Under normal condi- 
tions, flow velocity should “touchdown” to zero (or 
reverse flow velocity) at the onset of systole; this 
might not happen if the artery has significant 
resting tone (e.g., prior to nitrate-induced dilation) 
or resting flow is fast (e.g., during rapid atrial 
pacing). We usually predilate the artery with intra- 
coronary nitroglycerin (100 to 200 ug bolus) so that 
changes in velocity are linear with changes in flow, 
obviating the problem of hyperemia or vasodilator- 
mediated arterial dilation. 

After resting coronary blood flow velocity is 
measured, the guide catheter system is flushed with 
the vasodilator solution (typically 3 ml). In our 
laboratory, we use papaverine (2 mg/ml normal 
saline) or adenosine (4 pg/ml normal saline). 
Resting blood flow velocity should be measured for 
several minutes, because the iodinated contrast 
used for catheter placement and the loading of the 
guide catheter with a vasodilator can cause small, 
transient increases in resting blood flow. After the 
mean blood flow velocity is determined, a moder- 
ate dose of vasodilator (e.g., 8 to 10 mg papaverine, 
12 to 16 wg adenosine) is injected at 1 ml/sec (to 
avoid spillage out of the artery) and the resultant 
increase in blood flow velocity is recorded. If the 
hyperemia is prolonged, then a smaller dose can be 
given to prove that the first dose was maximal. If 
the response is not prolonged, a stepwise increase 
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in bolus dose should be given until a maximal 
response is achieved. 

Absolute coronary flow reserve is calculated as 
the ratio of the peak mean hyperemic blood flow 
velocity to the mean resting flow velocity; peak 
phasic flow velocity is subject to too much artifact 
to be used for decision making. Minimal coronary 
resistance can also be determined as the quotient 
of (mean aortic pressure at peak flow velocity [mm 
Hg]/peak flow velocity [kHz shift]) and (mean 
pressure at resting flow velocity/resting flow veloc- 
ity). Minimum coronary resistance or maximal 
coronary conductance (1/resistance) should be used 
when the vasodilator causes a significant change in 
coronary driving pressure. 

We have recently shown that coronary flow 
reserve measurements are highly reproducible over 
time, but that they are dependent on the heart rate 
and left ventricular filling pressure at which they 
are obtained (Figure 8). Consequently, we usually 
measure coronary flow reserve at a heart rate of 
~ 100 beats/min (atrial paced). 

Four technical factors deserve mention. First, 
subselectively infused vasodilators (e.g., into the 
left anterior descending artery) sometimes do not 
mix adequately with the arterial blood flow. As a 
result, proximal branches may not receive a maxi- 
mally dilating dose and coronary reserve will not be 
maximal. Second, the guide catheter can obstruct 
maximal hyperemic blood flow, especially in the 
right coronary artery. In this setting, pressure 
damping is not seen with regularity. If the coronary 
reserve is low, the guide catheter should be with- 
drawn at peak hyperemia to exclude guide catheter 
obstruction. Third, in an artery with a stenosis, 
coronary reserve must be measured proximal to the 
stenosis but distal to any major side branches; this 
may not be possible in all patients. Fourth, if the 


FIGURE 8. The change in coronary flow 
reserve associated with an increase in 


artery under study gives collateral blood flow to an 
adjacent vascular bed, resting blood flow will be 
elevated and the coronary flow reserve ratio will be 
reduced. Although the reduced reserve reflects the 
“stenosis” in the collateral bed, it does not indicate 
that the epicardial vessel containing the catheter 
significantly obstructs blood flow. 


CLINICAL IMPLICATIONS OF FLOW RESERVE 
MEASUREMENTS IN HUMANS 

Effects of focal atherosclerosis on coronary 
blood flow: How well does the angiogram predict 
which lesions obstruct coronary blood flow under 
physiologic conditions? In the first test, White et 
al” measured coronary flow reserve at the time of 
open heart (primarily coronary bypass) surgery in 
patients with multivessel coronary artery disease 
(Figure 2). They found that angiographic measure- 
ments of percent stenosis correlated poorly with 
physiologic measurements of coronary flow re- 
serve. However, when the stenosis was in the 
proximal left anterior descending artery, the mini- 
mum cross-sectional area of the stenosis (the 
numerator of percent stenosis) predicted the flow 
reserve in the artery (Figure 9).” These findings 
suggest that diffuse coronary narrowing altered the 
perception of percent stenosis, while the cross- 
sectional area of the residual lumen area was a 
constant parameter unaffected by diffuse disease in 
the adjacent “normal” arterial segment. 

We and others extended those studies to pa- 
tients undergoing coronary angiography for a chest 
pain syndrome.” In patients with normal coro- 
nary arteries and a normal exercise electrocardio- 
gram, coronary flow reserve averaged 5.0 + 0.6 
peak/resting blood flow velocity. In contrast to the 
studies by White et al,” we found in patients with 
limited coronary artery disease (single vessel/single 
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lesion or double vessel/double lesion) that the 
angiogram was a good predictor of the physiology. 
Percent area stenosis was moderately well corre- 
lated with coronary flow reserve (r = 0.85), and all 
lesions that caused < 70% area stenosis also failed 
to impede significantly maximal blood flow (Figure 
10). As with the studies of Harrison et al, * mini- 
mum lesion cross-sectional area also predicted the 
impact of the lesion on coronary reserve (r = 0.79; 
Figure 9). 

How can the findings in the catheterization 
laboratory that percent area stenosis (determined 
by quantitative arteriography) predicts coronary 
reserve be reconciled with the opposite results 
found in the operating room? In our opinion, 
differences in the amount of diffuse (and unpredict- 
able) atherosclerosis probably account for most of 
the disparity.” Patients studied in the catheteriza- 
tion laboratory had far more limited coronary 
artery disease, and the cross-sectional area of the 
“normal” segment adjacent to the stenosis was 
significantly larger (Figure 11).” One would antici- 
pate more variability in the dimensions of the 
normal segment in patients with widespread athero- 


r = 0.85 
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FIGURE 9. Left panel: The relation be- 
tween the minimum cross-sectional 
area of left anterior descending lesions 
and coronary flow reserve (ACBFV) in 
with atherosclerosis studied 


permission from the American Heart 
Association, Circulation.) 


sclerosis and a poorer relation between percent 
lumen stenosis and actual flow impairment. 

One additional explanation for the divergent 
findings is that some of the patients studied in the 
operating room may have had coexistent disease in 
the microvasculature (e.g., from hypertension).**”° 
As a result, reduced coronary flow reserve in some 
patients may have reflected obstruction in both the 
epicardial stenosis and the microvasculature. 

Assessment of diffuse atherosclerosis: Does 
diffuse atherosclerosis itself impair hyperemic blood 
flow or does it just “hide” focal lesions? From 
hemodynamic principles one would anticipate that 
diffuse atherosclerosis, unless very severe, would 
have minimal effects on coronary blood flow. Hy- 
draulic equations state that most of the energy 
(hence pressure) loss across a coronary stenosis is 
due to turbulence at the stenosis exit; entrance 
losses and intra-stenosis frictional losses (Poussel- 
lian losses) account for only a small fraction of 
pressure drop.’ As flow increases, the turbulent 
losses increase with the square of flow, but fric- 
tional losses increase linearly. Diffuse arterial nar- 
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FIGURE 10. The relation between quan- 
titatively measured percent area steno- 
sis and coronary flow reserve (ACBFV) 
in patients with limited coronary artery 
disease. The relation is much different 
than that found by White et al,” but 
similar to that found in normal dogs*® 


(see Figure 2). 
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FIGURE 11. The cross-sectional area of 
the “normal” arterial segment next to a 
focal stenosis in patients studied in the 
operating room before bypass surgery 
(Harrison) and patients with single or 
double lesion coronary artery disease 
studied in the catheterization labora- 
tory (Wilson). The patients studied in 
the operating room had more severe 
diffuse narrowing. 


Percent 


rowing increases frictional losses but usually should 
not result in turbulent blood flow. 

To study in humans the effects of diffuse athero- 
sclerosis on coronary flow reserve, we measured 
flow reserve in normal vein bypass grafts leading to 
coronary arteries that perfused normal myocar- 
dium.” In these patients, the bypass graft was the 
sole source of blood flow to the distal myocardium 
because the bypassed coronary artery was occluded 
proximal to the graft insertion. We estimated the 
extent of diffuse disease present in the bypassed 
artery by comparing the cross-sectional area of the 
artery (immediately distal to bypass graft insertion) 
to that of normal coronary arteries (matched for 
coronary dominance and position). Bypassed arter- 
ies were 40% smaller in cross-sectional area than 
their normal counterparts—a significant amount of 
diffuse narrowing. Despite the diffuse narrowing, 
coronary flow reserve in the bypassed arteries was 
normal (Figure 12). These observations confirm 
that diffuse atherosclerosis itself, unless very se- 
vere (i.e., Minimum cross-sectional area <2.5-3.5 
mm in a major vessel), does not importantly 
impair delivery of blood to the myocardium. 

Flow reserve was reduced, however, when the 
microvasculature was abnormal (e.g., from hyper- 


FIGURE 12. Coronary flow reserve 
(ACBFV) after bypass surgery. Coronary 
reserve was normal in diffusely dis- 
eased arteries perfusing normal myo- 
cardium. A focal stenosis or microvas- 
cular disease, however, reduced 
coronary reserve. 
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trophy or infarction). Additionally, when patients 
with a stenosis in the bypassed native artery were 
studied, it was apparent that >50% (rather than 
70%) cross-sectional area stenosis resulted in a fall 
in coronary reserve. Furthermore, the results are 
consistent with the concept that diffuse arterial 
narrowing hides focal lesions and makes them 
appear less significant. Measurements of minimum 
luminal area, taken in the context of the perfusion 
field size, might be a better method of evaluating 
the physiologic importance of focal lesions in the 
setting of advanced atherosclerosis. 

Diagnosis of microvascular disease: Since 
the microvasculature is normally the place where 
coronary blood flow is regulated, one might antici- 
pate that diseases affecting these small vessels 
might also interfere with regulation of myocardial 
blood flow and cause transient myocardial is- 
chemia. Several diseases are known to alter micro- 
circulatory function: structural abnormalities such 
as hypertrophy, infarction, vasculitic syndromes, 
and functional abnormalities such as those charac- 
terized by Cannon and co-workers.***** In one 
center, 50% of patients with chest pain and normal 
coronary arteries had microvascular disease that 
resulted in a significant reduction in hyperemic 
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FIGURE 13. A record obtained from a patient immediately and 5 months after angioplasty. The top two traces show pha- 
sic and mean coronary blood flow velocity (ACBFV), the middle trace displays the aortic pressure, and the bottom two 
traces show the heart rate and electrocardiogram. Coronary flow reserve (ACBFV) was subnormal immediately after an- 
gioplasty, but improved markedly later, despite minimal changes in the residual stenosis. 


blood flow (and presumably caused chest pain). 
Our experience is similar, suggesting that clinically 
important microvascular disease is not rare. One 
of the important uses of flow reserve measurements 
is the diagnosis of microvascular dysfunction in 
patients with chest pain and normal coronary arteries. 

Microvascular disease often accompanies epi- 
cardial coronary atherosclerosis because many fac- 
tors associated with atherosclerosis independently 
injure the microcirculation (e.g., hypertension, hy- 
pertrophy, and possibly diabetes mellitus). Addi- 
tionally, transient ischemia sufficient to cause myo- 
cardial “stunning? or micro-infarction causes 
transient microvascular dysfunction and a fall in 
coronary flow reserve.” Moreover, about one-half 
of patients undergoing coronary angioplasty have 
transient microvascular dysfunction lasting for days 
to weeks after the procedure (Figure 13).” In these 
patients, measurements of coronary flow reserve 
reflect the resistance provided by the entire coro- 
nary circulation (epicardial and microscopic); a 
low flow reserve does not necessarily connote that 
the epicardial lesion is flow-limiting. Therefore, 
the translesional pressure gradient (corrected for 
the size of the pressure measurement catheter) 


might more accurately reflect the physiologic im- 
pact of individual stenoses. Using a 1.4 mm cathe- 
ter (4.5F), a pressure gradient of >20 mm Hg 
corresponds to a reduced coronary reserve in pa- 
tients with a normal microcirculation.” 

Assessment of noninvasive methods for de- 
tecting focal coronary artery disease: Knowing 
the problems inherent in arteriographic assess- 
ment of coronary lesions, is it appropriate to use 
the angiogram as the gold standard against which 
noninvasive studies are compared? Probably not. If 
the angiogram shows a minimally (<30% diame- 
ter) or severely ( > 80% diameter) narrowed artery, 
then the angiogram may be an accurate predictor 
in the majority of instances. Intermediate lesions, 
however, cannot be judged with accuracy. Conse- 
quently, a truly accurate noninvasive study should 
not always agree with the arteriographic findings 
because the arteriogram itself is impossible to 
interpret accurately. 

We compared the accuracy of the exercise 
electrocardiogram to quantitative measurements 
of stenosis severity and coronary flow reserve.” In 
the patients studied, the resting electrocardiogram 
was normal; only one coronary lesion was present; 
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exercise electrocardiogram was linked more closely 
to coronary flow reserve than to angiographic 
measurements of percent diameter stenosis. These 
findings suggest that the exercise electrocardio- 
gram is a better predictor of physiology than 
anatomy. Moreover, the accuracy of the exercise 
electrocardiogram may be better than that shown 
in prior studies using diameter stenosis as the gold 
standard for physiologic significance. 

Long-term clinical significance: Are any of 
these physiologic parameters important in taking 
care of patients? In a preliminary study, we exam- 
ined the long-term follow-up of 26 patients re- 
ferred for coronary angioplasty of a lesion that, on 
closer inspection, was not flow-limiting.® The le- 
sions appeared severe by arteriographic standards 
(average percent area stenosis 78 + 9%), but none 
was thrombotic. In each patient, coronary flow 
reserve was normal (in the artery with the stenosis) 
or a mean translesional pressure gradient was less 
than 20 mm Hg (corresponding to normal coronary 
reserve). As a result of the physiologic measure- 
ments, angioplasty was deferred. At late follow-up 
(22 + 11 months), 96% of patients became asymp- 
tomatic or Canadian Heart Association Functional 
Class II, and no patients had a cardiac event 
related to the original lesion under study (one 
patient had angioplasty of another, new lesion). 
These preliminary data suggest that closer atten- 
tion to physiologic factors might prevent unneces- 
sary revascularization. Clearly, further attention 
should be given to these studies before a definitive 
conclusion is drawn. 


CONCLUSION 

The catheterization laboratory has always been 
a place where physiology has blended with anat- 
omy. Myocardial ischemia is a physiologic event 
that usually results from an anatomic problem. 
Coronary angiography defines only one part of the 
coronary circulation. Physiologic measurements, 
available now to all clinical laboratories, enable us 
to understand another part and to place the coro- 
nary arteriogram in the context of the entire 
coronary circulation. The days when “normal coro- 
nary arteries” connoted the absence of heart dis- 
ease are over. It is time to use these new methods 
in clinical practice. 
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Management of Angina Pectoris: The Evolution 
of Therapy—Are There Still Unresolved Needs? 


Richard Gorlin, MD 


ur ability to treat coronary artery disease 

has improved dramatically in recent years. 

Nevertheless, there is a continuing need 
for improved therapies and different approaches to 
management. One of the areas in which we have 
not yet been able to meet all our patients’ needs is 
in the optimal control of angina pectoris. 

These unresolved needs were addressed at a 
recent symposium, “Bepridil: Impact on the Man- 
agement of Angina Pectoris.” The goals of the 
symposium were to explore the scientific and clini- 
cal aspects of ischemic angina and to define ade- 
quate control of angina. When we say a patient is 
“controlled,” do we know whether he or she has 
restricted his or her activities to limit angina? 
Might greater physical activity be possible through 
improved applications of therapy? The issue of 
quality of life has been explored in other disci- 
plines, particularly in hypertension and in the field 
of oncology. It is time to apply this same kind of 
thinking to angina pectoris. 

In this setting, the calcium antagonist bepridil 
was reexamined and its role, safety, and efficacy 
were defined. 


PATHOPHYSIOLOGY OF MYOCARDIAL 
ISCHEMIA 

The underlying pathophysiology of angina af- 
fects our consideration of the calcium antagonists 
in general and bepridil in particular. The pathophys- 
iologic goals of antianginal therapy are: first, the 
attenuation of the discrepancy in supply/demand 
that leads to myocardial ischemia (Figure 1)'; 
second, cardioprotection to control life-threaten- 
ing arrhythmias, recurrent myocardial infarction, 
and cardiac dysfunction and failure; and third, 
inhibition of the thromboatherosclerotic process. 


From the Department of Medicine, The Mount Sinai Medical 
Center, New York, New York. 
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SUPPLY/DEMAND CONCEPT 

As shown in Figure 1, hemodynamic factors 
increase energy demand and coronary flow needs. 
The latter ar¢ met by alterations in net perfusion 
pressure and dilation of small myocardial arteri- 
oles. 

Any cardiac demand that outstrips available 
oxygen supply leads to ischemia. However, isch- 
emia is more than an oxygen deficit; it involves 
metabolite retention with altered myocardial me- 
tabolism leading to electrophysiologic and mechan- 
ical disturbances, and finally to pain due to the 
interaction of some of the metabolites with myocar- 
dial sympathetic nerve endings. 


OTHER CONSEQUENCES OF LARGE CORONARY 
ARTERY OBSTRUCTION 

When a fixed coronary obstruction reduces the 
distal coronary pressure significantly, collateral 
vessels usually develop and can partly compensate 
for the flow deficit. Coronary obstruction also sets 
up the potential for a “steal” phenomenon. This 
occurs when the small vessels beyond the obstruc- 
tions are maximally dilated because of marginal 
hypoperfusion. Any stimulus that leads to vasodila- 
tion elsewhere in the coronary bed may shunt 
blood away from the potentially ischemic segment. 
Finally, anemia, hypoxia, or carbon monoxide reten- 
tion can adversely affect myocardial oxygen trans- 
port and oxygenation and place an additional 
burden on the coronary flow system through utiliza- 
tion of available vasodilator reserve. 

Net coronary perfusion pressure may be compro- 
mised in three ways: first, through loss of pressure 
across the coronary stenosis; second, by elevated 
left ventricular diastolic pressure; and third, be- 
cause of slow diastolic relaxation. With a coronary 
obstruction, elevated left ventricular diastolic pres- 
sure and delayed relaxation (either or both of 
which may occur with myocardial ischemia), the 
perfusion pressure time integral may be severely 
impaired and ischemia can result (Figure 2). Thus, 
many hemodynamic factors can either aid or im- 
pair coronary perfusion. 
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FIGURE 1. On the left are mechanical factors that provoke a demand for energy in the myocardium. Contractility, heart 
rate, and developed wall stress (dependent on ventricular volume and developed systolic pressure) produce a demand 


that must be met by the coronary supply/oxygen transport system. CCB = calcium chan 


sible sites of action. 


The coronary obstructive disorder is no longer 
viewed as merely a fixed obstruction in which the 
primary provocation to ischemia is increased car- 
diac effort unmet by available segmental coronary 
blood supply. There is also a dynamic vascular 
component, with or without a fixed coronary ob- 
struction. A dynamic obstruction in the large coro- 
nary vessels may be generalized or it may be 
localized to the region of an atheroma. This dy- 


Normal 


nel blockers, representing pos- 


namic vasoconstrictor component introduces an 
element of unpredictability to the daily occurrence 
of ischemia and angina. This problem can be 
approached therapeutically if we appreciate its 
presence in any given patient.? 

Endothelial dysfunction, which may result from 
atherosclerosis or other vascular disease or from 
hyperlipidemia, can induce contraction of vascular 
smooth muscle either locally or downstream in the 
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FIGURE 2. Left ventricular wall with intraventricular diastolic pressure and a coronary artery with an atheromatous ob- 
struction. The network beyond the obstruction that provides blood supply to the deep layers of the myocardium is 
shown. Net coronary perfusion pressure normally equals the pressure—time integral between aortic and ventricular di- 
astolic pressure. Note delayed left ventricular relaxation and elevated diastolic pressure, both of which impair the net 
integral to perfusing the coronary system. CAP = coronary artery pressure; IDP = intraventricular dia- 


pressure—time 
stolic pressure; LV = left ventricular. 
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microvasculature* and often under clinically unde- 
sirable circumstances. 

Additionally, vasoactive substances such as sero- 
tonin and thromboxane can derive from platelets if 
activated by thrombin or by attachment to the 
endothelium. Dilator mediators, such as pros- 
taglandin (PG) E,, prostacyclin (PGI,), and endo- 
thelium-derived relaxing factors (including nitric 
oxide), and vasoconstrictors, such as the powerful 
endothelins, all can arise from the endothelium. 
Finally, the catecholamines, angiotensin II, and 
vasopressin all can induce vascular smooth muscle 
constriction. These local and circulating vasoactive 
agents may assume even more physiologic signifi- 
cance if they perfuse or are released by down- 
stream microvessels so as to induce segmental 
ischemia. Furthermore, the small arteries can func- 
tion abnormally and respond with vasoconstriction 
when dilation might be expected and, hence, in- 
duce angina. 


ACTIONS OF CALCIUM ANTAGONISTS 

The calcium antagonist family relaxes vascular 
smooth muscle and thus may counteract certain of 
these endogenous vasoconstrictors or other factors 
leading to small vessel constriction.° 

Calcium ion is intrinsic to contraction of the 
cardiac muscle. The control of calcium flux across 
the various cell membrane channels and binding 
and sequestration on the sarcoplasmic reticulum 
both can be affected by calcium antagonists and 
thus can alter contractility and heart rate. Further- 
more, there are sodium and potassium channels on 
the cell membrane that affect many calcium- 
dependent functions. 

Referring again to the supply/demand diagram 
(Figure 1), note that calcium antagonists may 
potentially diminish cardiac oxygen demand 
through reduced contractile effort and heart rate. 
They may also reduce overall vascular resistance 
and play a role in the selective distribution of organ 
blood flow. Thus, the potential is great for these 
agents to affect vascular and cardiac activity favor- 
ably. These actions are summarized in Table I. 

Apart from angina/ischemia relief, the calcium 
antagonists can attenuate the sequestration of 
calcium that occurs with ischemia. Arrhythmogen- 
esis also may be inhibited. Finally, some aspects of 
the atherosclerotic process may be affected favor- 
ably by certain calcium antagonists.°® 


TABLE | Role of Calcium Antagonists 


Relief of angina/ischemia 
+ Reduce cardiac energy demand 
Decrease work load and lower impedance 
¢ Increase coronary supply 


Altered ventricular relaxation dynamics 
Altered vascular tone (large and small) 


Cardioprotection 
¢ Attenuate calcium sequestration with ischemia 
¢ Attenuate arrhythmogenesis 
e Inhibit atherosclerotic process 





SELECTION OF THERAPY 

Clinical factors in selection of therapy are relief 
of symptoms, balancing the risk of the disease 
versus the risk of therapy, and quality of life or 
life-style. Patients’ expectations vary for the amelio- 
ration of their condition and how much relief they 
expect their treatment to deliver. Exploring these 
expectations with the patient is very important. 
Any pharmacotherapy can have adverse effects, or 
the patient may be intolerant of or unresponsive to 
a given drug. Although surgical intervention or 
angioplasty may be effective for a large number of 
patients, others are not candidates or do not wish 
invasive intervention. Finally, graft or angioplasty 
failure may lead to return of angina; medical 
therapy may then become a more desirable option. 
Bepridil will be examined in this context. 

This symposium evaluated the current status of 
bepridil, a diarylaminopropylamine ether with 
unique properties, many of which are puzzling. 
The speakers addressed criteria for patient selec- 
tion and exclusion and compared bepridil with 
other antianginal agents. The goal was to define 
guidelines for its safe and effective use. 
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Mechanisms of Pharmacologic Intervention at 
the Level of the Calcium Channel 


Harry A. Fozzard, MD 


Calcium channels are large, complex membrane 
proteins that mediate transmembrane calcium 
currents. At least 2 kinds of calcium channels are 
found in heart muscle—the transient type and 
the long-lasting type. Calcium currents are modu- 
lated by diverse endogenous and exogenous fac- 
tors including hormones, catecholamines, and 
calcium antagonists. Calcium antagonists act 
preferentially on vascular smooth muscle and 
have relatively less effect on the calcium chan- 
nels of heart muscle. Compared with heart mus- 
cle, vascular smooth muscle is relatively depolar- 
ized, suggesting that vascular smooth muscle 
cells have predominantly the long-lasting type of 
calcium currents. 

The differential binding to different types of 
calcium channels underlies the clinical efficacy of 
the calcium antagonists. A drug such as bepridil, 
which acts preferentially on the coronary vascu- 
lature rather than on the peripheral vasculature, 
dilates the coronary vessels without depressing 
cardiac contraction, a putative clinical advan- 
tage. 

(Am J Cardiol 1992;69:4D—10D) 
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( “prt channels are composed of large 
proteins that span the cell membrane. The 
proteins are arrayed to form a passage 

through which calcium ions can pass from outside 
the cell, where calcium concentrations are higher, 
to within the cell where concentrations are 4 orders 
of magnitude lower (Figure 1).! The channel re- 
mains shut in the resting state, but it has the 
capacity to open at appropriate times and thus is 
referred to as “gated.” 

The mechanisms that signal the gate to open or 
to shut thereby regulate the influx of calcium into 
the cell. Most calcium channels are regulated by 
voltage, i.e., membrane potential. Ordinarily rest- 
ing membrane potential is slightly polarized (nega- 
tive voltage). As this potential depolarizes (toward 
0), the gates open. This implies the existence of a 
voltage sensor within the gate that “triggers” open- 
ing and closure. Calcium channels can be regulated 
pharmacologically by manipulating binding sites on 
these large proteins 1) to block access by endoge- 
nous regulatory molecules or, conversely, 2) to 
activate the gate artificially. 

Functional evidence has suggested the presence 
of more than one kind of calcium channel, and 
genes for these different proteins have now been 
cloned and expressed in pure form, allowing their 
amino acid sequences to be determined. The cal- 
cium channels tend to be large multiprotein heter- 
omers, probably composed of 5 or more subunits. 
They appear to have a variety of receptor-binding 
sites, rendering them susceptible to modulation by 
regulatory proteins. This permits complex interac- 
tions at the molecular level. Currently, little is 
known about these interactions, although a variety 
of pharmacologic agents have been developed that 
alter the channels by binding at 1 or another of 
these regulatory sites. 

Calcium channels have different functions in 
different parts of the body. For example, they are 
ubiquitous in the hippocampus, where they appear 
to play a major role in memory. Calcium channels 
also are involved in the release mechanism for 
insulin secretion by the ß cells of the pancreas, and 
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FIGURE 1. Functional elements of a 


voltage-gated channel. (Reprinted with 
permission from Sinauer Associates.*) 


they are crucial to a variety of contractile systems 
within the body, notably heart muscle. The chal- 
lenge in developing pharmaceutical agents that 
interact with these mechanisms is to make them 
selective for the calcium channels involved in the 
disease one is attempting to modify. 


CALCIUM CHANNELS IN THE HEART 

A cardiac action potential is depicted in Figure 
2, along with the principal types of currents that 
influence its behavior. In ventricular and atrial 
muscle, the depolarization that occurs on excita- 
tion is related to a sudden inward sodium (Na*) 
current, the slow inward calcium (Ca’*) current 
(which, in turn, affects the behavior of the contrac- 
tion and the maintenance of the plateau), and 


FIGURE 2. The currents of cardiac ac- 
tion. Ca++ = calcium ion; K+ = potas- 
sium ion; Nat = sodium ion. 
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activation of the outward potassium (K+) current, 
which eventually results in restoration of the trans- 
membrane ion gradients and repolarization of the 
cell membrane. 

The calcium current plays a role in both excitabil- 
ity and conduction. It is central to generating 
pacemaker and action potentials for atrioventricu- 
lar node and sinoatrial node conduction, and it 
may also be important in depolarized cells where 
the sodium channels have been voltage-inacti- 
vated. 

The calcium current is critically related to con- 
traction in working cardiac muscle cells. When the 
membrane is depolarized and the calcium channels 
are opened, calcium flows rapidly into the cell, 
resulting in an increase in intracellular calcium 
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concentration.’ This triggers a larger release of 


calcium from the sarcoplasmic reticulum (calcium- . 


induced calcium release), causing contraction. 


TYPES OF CALCIUM CHANNELS 

The calcium antagonists exhibit a diversity of 
pharmacologic effects, stemming in part from the 
variety of calcium channel types. There are at least 
2 kinds of calcium channels in heart muscle. The 
transient (T)-type channel opens when a mem- 
brane held at a hyperpolarized potential is tran- 
siently depolarized (Figure 3). The long-lasting 
(L)-type channel is triggered when a partially 
depolarized cell membrane is further depolarized, 
i.e., at voltage relatively positive to the normal 
resting membrane potential. As opposed to the 
calcium current through the T-type channel, which 
is relatively transient,’ the current arising through 
the L-type channel in response to a more depolar- 
ized potential (e.g., from about —30 mV) is more 
sustained. 

Calcium current is modulated by a variety of 
endogenous factors, including hormones and cate- 
cholamines. These modulators can increase cal- 
cium current by selectively increasing the L-type 
calcium current (generated from a more depolar- 
ized voltage) without significantly influencing the 
T-type current. 
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FIGURE 3. Two types of calcium currents in heart cells. diff = difference; HP = 


The calcium antagonists have been divided into 
different classes based on variations in their electro- 
physiologic characteristics. The 3 major classes are: 
the papaverine derivatives (e.g., verapamil), dil- 
tiazem-like compounds, and dihydropyridine deriv- 
atives (e.g., nifedipine). The main pharmacologic 
activities of these drugs are vasodilation and myo- 
cardial depression. Drugs of the different classes 
may be distinguished with respect to the relative 
extent of these 2 major activities. 

Differences may be due, in part, to differential 
inhibition of the T-type and L-type calcium chan- 
nels, and the dihydropyridine-type calcium antago- 
nists can serve as an example for the class. These 
compounds appear to have minimal effect on the 
T-type channel, but they do block the L-type 
channel, which predominates in the heart.* Drugs 
of this class (e.g., nifedipine) selectively block the 
L-type calcium current (Figure 4). Paradoxically, 
dihydropyridines also can have the opposite effect. 
The dihydropyridine Bay K 8644, rather than 
blocking L-type calcium current, enhances it signif- 
icantly (Figure 5). 

The diversity of action of these drugs on calcium 
channels could be explained if there were 2 kinds 
of receptors for the dihydropyridine-type antago- 
nists. According to this hypothesis,* occupancy of 1 
of these types of receptors would increase the 
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T = transient; V, = test potential. (Reprinted with permission from Am J Physiol.*) 


6D THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 APRIL 9, 1992 


~ 


Control Nifedipine 





HP -80 mV 
— = = = HP -40 mV 


O Control 
@ Nifedipine 


FIGURE 4. Dihydropyridine block of calcium currents. HP = holding potential. (Reprinted with permission from Am J 


Physiol.*) 


calcium current, that is, it would open the gates to 
allow more calcium influx. The other type of 
receptor would act to reduce calcium current. This 
concept further presumes that the affinity for these 


FIGURE 5. Dihydropyridine enhance- 
ment of long-lasting (L)-type calcium 
current. Sr = strontium; V, = test po- 
tential. 


receptors changes with alteration of a physiologic 
variable dependent on membrane potential. Bind- 
ing to the agonist site (the one increasing calcium 
current) would be favored by hyperpolarizing poten- 
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tials, whereas binding to the antagonist site would 
be favored at depolarizing potentials. 

This 2-receptor hypothesis is a way of explaining 
the heterogeneous types of effects that these drugs 
have on vascular smooth muscle as well as on heart 
muscle. Vascular smooth muscle is known to have a 
less negative (relatively depolarized) resting poten- 
tial than heart muscle. If dihydropyridines bind 
better to the antagonist site at less negative poten- 
tials, this could explain why they can produce 
relaxing effects on the coronary vasculature with- 
out significantly depressing cardiac contraction. 

Proof for the 2-receptor hypothesis would de- 
pend on evidence that changes in membrane poten- 
tial can modify the efficacy of a calcium antagonist. 
In experiments in which a dihydropyridine-type 
calcium antagonist (nisoldipine) was used to block 
the calcium current, the degree of blockade has, in 
fact, been shown to be dependent on the poten- 
tial.4 In these experiments, isolated calf Purkinje 
fibers were held at a negative potential before a 
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FIGURE 7. Dihydropyridine binding, dependent on mem- 
brane potential. Data from cells that were normally polar- 
ized (W) or depolarized with KCI (A). (Reprinted with per- 
mission from J Pharmacol.°) 





FIGURE 6. Influence of holding potential 
on dihydropyridine block of calcium cur- 
rent in the heart. C = control; 


N = nisoldipine. (Reprinted with permis- 
sion from Circ Res.*) 


voltage step was delivered. Under these conditions, 
the dihydropyridine had a barely detectable effect 
(Figure 6). 

However, when the cell was depolarized to —45 
mV, the same dose of the dihydropyridine almost 
abolished the current that arose in response to the 
voltage step. When the holding potential was 
returned to —70 mV, the inward current was 
restored. In other words, the same drug concentra- 
tion had no effect at a potential of —70 mV but 
completely inhibited the current at a less negative 
potential. This suggests that the drug effect on 
calcium influx in response to changes in membrane 
potential must be a consequence of a voltage 
dependence of the binding of the drug. 

The hypothesis is buttressed by experiments 
showing that the binding of a radioactively labeled 
dihydropyridine to heart muscle is also a function 
of membrane potential.° If cells are maintained at 
their normal potential during the binding reaction, 
a low amount of drug is bound. However, if the 
binding reaction is carried out while the cells are 
depolarized, binding is significantly enhanced (Fig- 
ure 7). Therefore, the voltage-dependent selective 
influence of this class of calcium antagonists may 
correlate with voltage-dependent changes in af- 
finity of the receptor for the drug. 

The differential effect of voltage on calcium 
channel antagonism has also been examined in 
experiments with nicardipine. Cells that normally 
have strong L-type calcium currents were held at 
—40 mV, a voltage at which depolarization- 
induced dihydropyridine binding would be ex- 
pected to occur. In the presence of a low dose of 
nicardipine, a modest reduction in the calcium 
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current occurred (Figure 8); high doses of nicar- 
dipine abolished the current altogether.® 

Conversely, when the cells were held at —90 mV 
(i.e., fully repolarized), a low dose of nicardipine 
acted as an agonist, increasing the calcium current 
(Figure 9); at a high dose, nicardipine acted as an 
antagonist, reducing the current. This suggests the 
presence of a voltage-dependent agonist-binding 
site as well as an antagonist-binding site with a 
different dose-response relationship. 

This biphasic effect on calcium current is not an 
exclusive property of nicardipine; rather, it seems 
to be a property of all the dihydropyridines. 

It must be noted that other types of calcium 
channels besides voltage-activated channels also 
exist. Receptor-operated channels are thought to 
produce depolarization in vascular smooth muscle. 
This, in turn, triggers calcium release and contrac- 
tion. The physical existence of receptor-operated 
channels has been difficult to prove experimen- 
tally, but many observed pharmacologic effects can 
be explained by postulating the existence of chan- 
nels of this type. 












FIGURE 9. Nicardipine increase of cal- 
cium current from —90 mV. 

HP = holding potential; V, = test po- 
tential. 
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CLINICAL IMPLICATIONS 

The types of relationships previously described 
may help to explain why some of the calcium 
antagonists have preferential activity for vascular 
smooth muscle relative to heart muscle. Vascular 
smooth muscle has a more depolarized resting 
potential than heart muscle; potentials are in the 
range of —30 to —40 mV (Table I).’* This suggests 
that vascular smooth muscle cells have a predomi- 
nantly L-type calcium current, Effects of calcium 
antagonists that act on smooth muscle cells there- 
fore appear to be acting at the L-type site. Healthy 
heart muscle resting potentials generally are in the 
range of —90 mV to —70 mV. In patients with 
certain types of cardiovascular disease (notably 
acute ischemia), heart cells tend to be somewhat 
depolarized and may therefore be more suscepti- 
ble to the type of calcium channel antagonism that 
takes place at less negative potentials. To prove 
this hypothesis, comparative experiments should 
be carried out in heart muscle cells versus vascular 
smooth muscle cells; to date, such experiments 
have not been reported. | 
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TABLE I Resting Potential of Vascular Smooth Muscle 


Membrane 


Smooth Muscle Segment Potential (mV) Source 


Harder, 19897 
Kauser, 19898 
Kauser (unpubl) 
Stekiel (unpubl) 


Cat cerebral artery 
Rat femoral artery 


Dog coronary artery 
Human mammary artery 





The differential binding to different types of 
calcium channels can be utilized to advantage in 
clinical applications. Many patients who are candi- 
dates for calcium channel antagonism have heart 
disease as well as vascular disease. Therefore, 
therapy intended to relieve ischemia by dilating the 
coronary vessels ideally should be achieved without 
depressing the cardiac contraction. Even better 
clinical specificity could be attained by a drug that 
acted preferentially on the coronary vasculature as 
opposed to the peripheral vasculature. Bepridil, 
for example, may exhibit this type of preferential 
activity. 


DISCUSSION 

In conclusion calcium channels are large, com- 
plex membrane proteins. They mediate transmem- 
brane calcium currents, playing an important role 
in sinoatrial node pacemaking and atrioventricular 
node excitability and conduction. These ubiquitous 
proteins also are of central importance in contrac- 
tion of heart muscle and vascular smooth muscle. 

At least 3 types of calcium channels have been 
described, based on physiologic parameters. Molec- 
ular cloning experiments have shown that each 
protein has a distinct amino acid sequence, which 
undoubtedly accounts for the functional differ- 
ences among the different channel types. In the 
various tissues of the body, different types of 
calcium channels may predominate. The L-type 


calcium channel is the one principally affected by 
verapamil, diltiazem, and the dihydropyridine class 
of calcium antagonists. The action of these drugs 
may either block or enhance calcium current 
through L-type channels. Different effects may be 
accounted for partially by dependence of these 
effects on membrane potential. 

Vascular smooth muscle is relatively depolar- 
ized compared with heart muscle; because calcium 
antagonists are much more active at depolarized 
potentials, they may relax vascular smooth muscle 
while leaving the heart relatively unaffected. This is 
precisely the characteristic that makes them useful 
in treatment of angina and hypertension. The 
undesirable manifestations of vessel occlusion can 
be relieved by vasodilation, but because many 
candidates for such therapy have myocardial dys- 
function, cardiac depression would be an unwel- 
come side effect. Unlike some calcium antagonists, 
bepridil appears to have minimal negative effects 
on ventricular function. 
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Pharmacology of Bepridil 
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Bepridil is an antianginal agent with multiple ther- 
apeutic actions. It decreases calcium influx 
through potential-dependent and receptor-oper- 
ated sarcolemmic calcium channels and acts in- 
tracellularly as a calmodulin antagonist and cal- 
cium sensitizer. Thus, in cardiac muscle it 
enhances the sensitivity of troponin C to calcium, 
stimulates myofibrillar adenosine triphosphatase 
activity, removes calmodulin’s inhibitory effect 
on sarcoplasmic reticulum calcium release, and 
inhibits sodium—calcium exchange—actions that 
tend to offset the effects of calcium influx block- 
ade on cardiac contractile force. However, in vas- 
cular smooth muscle where the calcium—calmod- 
ulin complex promotes muscle contraction by 
activating myosin light-chain kinase phosphoryla- 
tion of contractile proteins, calmodulin antago- 
nism, coupled with bepridil’s blockade of calcium 
influx, leads to vasorelaxation. In animal models 
of ischemia, bepridil and other calmodulin inhibi- 
tors show antiarrhythmic efficacy following reper- 
fusion. Additionally, interfering with calmodulin’s 
role in sympathetic nerve terminal function may 
help to limit the ischemia-induced catecholamine 
release that contributes to arrhythmogenesis. 
Bepridil shows a lidocaine-like fast kinetic block 
of inward sodium current (as distinct from the 
slow or intermediate kinetic inhibition expressed 
by encainide or quinidine, respectively). This inhi- 
bition is pH-dependent; activity is expressed to a 
greater degree at lower pH levels. Thus, this po- 
tentially antiarrhythmic mechanism is activated 
by conditions of ischemia. Bepridil’s blockade of 
outward potassium currents and its inhibition of 
sodium—calcium exchange increase action po- 
tential duration and ventricular refractoriness, 
prolong the QT interval, and form the basis for a 
class Ill antiarrhythmic mechanism. Because hy- 
pokalemia also prolongs the QT interval, the addi- 


From the Department of Cardiovascular Pharmacology, R.W. 


Johnson Pharmaceutical Research Institute, Spring House, Penn- 
sylvania. 

Address for reprints: Alan Gill, PhD, McNeil Pharmaceutical 
R-355, McKean and Welsh Roads, Spring House, Pennsylvania 
19477. 


tion of bepridil in the presence of hypokalemia 
can lead to excessive prolongation. Bepridil both 
increases myocardial oxygen supply through cor- 
onary vasodilation and decreases myocardial 
oxygen demand through mild heart rate and af- 
terload reduction, and shows potential antiar- 
rhythmic activity through class IB, Ill, and IV 
mechanisms. In addition, its ability to inhibit re- 
ceptor-operated calcium influx, a property that 
distinguishes it from other calcium antagonists, 
could have additional therapeutic benefits 
against ischemia and atherosclerosis. 

(Am J Cardiol 1992;69:11D—16D) 


epridil is a new, long-acting antianginal 
B agent with multiple therapeutic actions that 

combine to increase myocardial oxygen sup- 
ply and to reduce myocardial oxygen demand. Part 
of bepridil’s therapeutic efficacy can be attributed 
to its inhibition of calcium influx through voltage- 
dependent channels. However, it has a number of 
other actions, both at the cell membrane and at the 
intracellular level, that distinguish it from other 
calcium antagonists. These actions help to mini- 
mize any negative impact on cardiac contractility 
and systemic blood pressure, and to increase its 
antianginal efficacy compared with currently avail- 
able calcium antagonists. These actions also impart 
unique electrophysiologic properties that have po- 
tential antiarrhythmic utility. 


CELL MEMBRANE EVENTS 

Several of bepridil’s mechanisms of action at the 
cell membrane level affect cardiac electrophysiol- 
ogy. 

Siow calcium channel inhibition: Among bepri- 
dil’s sarcolemmic actions, its slow calcium channel 
inhibition! can influence sinoatrial (SA) and atri- 
oventricular (AV) nodal function. Generally, cal- 
cium influx blockade tends to decrease SA nodal 
automaticity and decrease heart rate, as well as 
delay AV nodal conduction and prolong PR inter- 
val.*4 However, the magnitude of these effects 
varies among calcium channel inhibitors because it 
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is markedly influenced by tissue selectivity and the 
degree to which compensatory autonomic-reflex 
responses are elicited by the respective calcium 
channel inhibitor. Bepridil produces little reduc- 
tion in systemic blood pressure to elicit compensa- 
tory reflexes; mild heart-rate reduction and prolon- 
gation of AV nodal conduction time are expressed 
in vivo.>’ 

Fast sodium channel inhibition: Bepridil also 
inhibits cardiac fast sodium channels in a manner 
similar to lidocaine.**'° This inhibition is pH- 
dependent and is expressed to a greater degree at 
lower pH levels.'! Thus, this potentially antiarrhyth- 
mic mechanism is activated by conditions of isch- 
emia. 

Although slow kinetic sodium channel inhibi- 
tors (e.g., flecainide, encainide, transcainide) have 
proved to be unacceptably arrhythmogenic, lido- 
caine, a fast kinetic sodium channel inhibitor, has 
proven very safe. Bepridil inhibits sodium channels 
in a manner similar to lidocaine.?:!2:!3 

Sodium—calcium exchange inhibition: Inhibit- 
ing sodium-calcium exchange may contribute to 
QT prolongation produced by bepridil; amiloride 
behaves similarly. During phases of the action 
potential when membrane potential is depolarized 
(depolarization, plateau, and initial part of repolar- 
ization), sodium—calcium exchange is directed to 
push out sodium and take in calcium. During the 
longer, more polarized phases of the action poten- 
tial (late repolarization and rest), the exchanger 
takes in sodium and pushes out calcium, reducing 
intracellular calcium levels. Its action during pla- 
teau and early repolarization tends to shorten the 
action potential duration. Bepridil’s inhibition of 
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the exchanger'*!> tends to prolong the action 
potential duration. 

Inhibition of outward repolarizing potassium 
currents: Class III antiarrhythmic drugs also pro- 
long the action potential duration, but do so 
primarily by inhibiting potassium-repolarizing cur- 
rents. In addition to its effects on the sodium- 
calcium exchanger, bepridil also shows the ability 
to inhibit repolarizing potassium currents!® and 
behaves like a class III antiarrhythmic agent to 
increase ventricular refractoriness through prolon- 
gation of the action-potential duration. !:?:!013,17 

Bepridil’s cell membrane actions influence car- 
diac conduction in a manner different from other 
calcium antagonists (Figure 1). In addition to 
affecting cardiac muscle function, bepridil also 
affects vascular smooth muscle cell membrane 
function. 

Inhibition of potential-dependent and recep- 
tor-operated calcium channels in vascular 
smooth muscle: Calcium antagonists, as a class, 
are able to inhibit calcium influx through potential- 
dependent calcium channels, thereby decreasing 
available calcium for contraction in both cardiac 
and vascular smooth muscle. Bepridil shares this 
property with other calcium antagonists. However, 
unlike other calcium antagonists, bepridil also 
inhibits calcium influx through receptor-operated 
calcium channels'* (Figure 2). 

Whereas opening of potential-dependent cal- 
cium channels is activated through a membrane 
voltage sensor, opening of receptor-operated cal- 
cium channels is activated through binding of a 
specific agonist to its membrane receptor. Recep- 
tor activation is associated with calcium influx 








FIGURE 1. Effects of calcium antago- 
nists on cardiac excitation and conduc- 
tion. AH = atrioventricular nodal con- 
duction interval; B = bepridil; 

Ca = calcium; D = diltiazem; HV = His— 
Purkinje conduction interval; 

N = nifedipine; Na = sodium; 

SA = sinoatrial conduction interval; 

V = verapamil; VV = ventricular con- 
duction interval. 
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FIGURE 2. Contractile activity of cal- 
cium antagonists in rabbit aorta. 

B = bepridil; D = diltiazem; 

N = nifedipine; V = verapamil. 

i r t100 „M (n = 6); łt10uM 
n = 6). 
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through the receptor-coupled channel and also 
with the stimulation of phosphatidylinositol turn- 
over. The inositol triphosphate and diacylglycerol 
signals thus produced activate intracellular pro- 
cesses that promote contractility. 

For agonists such as norepinephrine (a,adreno- 
ceptors), serotonin (5-HT,), and angiotensin II, 
sustained receptor activation has been associated 
not only with contraction, but also with vascular 
smooth-muscle proliferation. Thus, sustained ago- 
nism by these mediators stimulates growth-factor 
production, which can contribute to the process of 
atherogenesis. Conversely, interrupting the func- 
tion of these mediators by any method can prevent 
atherogenesis in animal models of atherosclerosis. 
Whether bepridil’s inhibition of receptor-operated 
calcium channels can inhibit the process of athero- 
genesis remains to be seen. Interestingly, the low 
density lipoprotein (LDL) receptor is also coupled 
to a receptor-operated calcium channel. 


INTRACELLULAR EVENTS 

Whereas nifedipine and diltiazem do not achieve 
significant intracellular levels (Figure 3), bepridil 
penetrates the cell membrane and has important 
intracellular actions. Although intracellular vera- 
pamil levels seem significant in Figure 3, these 
levels appear to result from verapamil binding to 
the intracellular surface of the cell membrane and 
to be associated with actions at the level of the cell 
membrane, rather than with intracellular actions of 
verapamil.!° 

In addition to direct action, it is possible to 
modify intracellular calcium levels indirectly. For 
example, calmodulin is a ubiquitous eukaryotic 
protein that binds calcium, and this calcium- 
protein complex then interacts in the regulation of 
many basic cellular functions. Bepridil has been 
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shown to inhibit intracellular calmodulin-depen- 
dent processes, thereby acting as a calmodulin 
antagonist. Thus, in vascular smooth muscle where 
the calcium—calmodulin complex promotes muscle 
contraction by activating myosin light-chain kinase 
phosphorylation of contractile proteins, bepridil’s 
calmodulin antagonism (Figure 4), together with 
its calcium influx blockade, leads to vasorelax- 
ation.”>-*4 

In cardiac muscle, however, bepridil’s calmodu- 
lin inhibition promotes calcium availability by remov- 
ing the inhibitory effect of calmodulin on sarcoplas- 
mic reticulum calcium release. This action, along 
with bepridil’s ability to sensitize cardiac troponin 
C to calcium and to stimulate myofibrillar adeno- 
sine triphosphatase activity (Figure 5), tends to 
offset the effects of calcium influx blockade on 
cardiac contractile force.>7° These intracellular 
effects in cardiac muscle are theorized to account 
for bepridil’s lesser negative inotropic effect and 
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FIGURE 3. Uptake of drug into cardiac muscle cells. 

B = bepridil; D = diltiazem; N = nifedipine; 

V = verapamil. (Reprinted with permission from Eur J 
Pharmacol.) 
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FIGURE 4. Effect of bepridil on calcium—calmodulin-in- 
duced myosin light chain kinase activity. (Reprinted with 
permission from J Pharmacol Exp Ther.?°) 


may distinguish it from other calcium antagonists 
(Figure 6).?’ 

Calmodulin inhibition also may contribute to 
bepridil’s antiarrhythmic activity. Bepridil and other 
calmodulin inhibitors show antiarrhythmic efficacy 
in animal models of ischemia followed by reperfu- 
sion.?™®°? Additionally, interfering with calmodu- 
lin’s role in sympathetic nerve terminal function 
may help to limit ischemia-induced catecholamine 
release, which contributes to arrhythmogenesis.** 


SYSTEMIC PHARMACOLOGY 

Bepridil’s intracellular and cell membrane level 
actions combine to produce systemic effects that 
have potential antianginal and antiarrhythmic effi- 
cacy. In animal models, bepridil consistently causes 
a small but significant heart-rate reduction, which 
can contribute to reducing myocardial oxygen con- 
sumption.” As shown in Figure 7, bepridil both 
increases myocardial oxygen supply through coro- 
nary vasodilation and decreases myocardial oxygen 
consumption. The reduction in myocardial oxygen 
consumption does not appear to be achieved 
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FIGURE 6. Negative inotropic/coronary dilator dose ratios 
in guinea pig Langendorff heart. B = bepridil; 

D = diltiazem; N = nifedipine; V = verapamil. *p <0.05 
compared with other agents. 


through reduction in cardiac contractility (Figure 
8).3 Bepridil’s effects on action-potential duration 
lead to a significant increase in the ventricular 
effective refractory period (Figure 9). This effect 
can slow or abolish abnormal automaticity within 
the infarct zone and terminate reentrant arrhyth- 
mias in animal models of ischemic arrhythmogene- 
sis! 


CONCLUSION 

Bepridil is a new antianginal agent with an 
intrinsically long duration of action (mean elimina- 
tion half-life, 42 hours).*° It shares some properties 
with conventional calcium antagonists such as nife- 
dipine, verapamil, and diltiazem. Thus, bepridil 
can inhibit calcium influx through potential- 
dependent calcium channels in cardiac and vascu- 
lar smooth muscle and slow AV nodal conduction. 
However, a number of additional actions distin- 
guish bepridil from conventional calcium antago- 
nists. 

Through its blockade of outward-repolarizing 


FIGURE 5. Effect of bepridil (B), dil- 
tiazem (D), and verapamil (V) on cardiac 
myofibrillar adenosine tri 
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FIGURE 7. Effects of calcium antago- 
nists on myocardial oxygen consump- 
tion and coronary blood flow in anesthe- 
tized dog. B = bepridil (4.0 mg/kg); 

D = diltiazem (0.2 mg/kg); 

N = nifedipine (0.004 mg/kg); 

V = verapamil (0.015 mg/kg). *p <0.05. 
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potassium currents and inhibition of sodium- 
calcium exchange, bepridil prolongs action poten- 
tial duration and QT interval and increases ventric- 
ular refractoriness. This action supports bepridil’s 
class III antiarrhythmic activity and carries with it 
the necessity of guarding against excessive QT 
prolongation. 

In addition to inhibiting calcium influx through 
potential-dependent channels, bepridil also inhib- 
its influx through receptor-operated calcium chan- 
nels associated with vasoconstrictor and growth 
factor functions of important vasoactive agonists. 
The implications of this action are not understood 
fully. However, it has the potential to inhibit both 
vasospastic and vascular proliferative factors impor- 


% Change 


FIGURE 8. Effect of bepridil (B) and nifedipine (N) on car- 
diac contractility (dP/dt) in conscious rat. *p <0.005 com- 
pared with parallel vehicle; {2.0 mg/kg intravenously; 
770.6 mg/kg intravenously. 
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tant in angina pectoris as well as underlying coro- 
nary atherosclerosis. 

Unlike conventional calcium antagonists, bepri- 
dil can act as a calmodulin inhibitor. This property 


Ventricular ERP 


Maximum 
% change 
in ERP 





FIGURE 9. Effects of calcium antagonists on ventricular 
effective refractory period (ERP) in anesthetized dog. 

B = bepridil (2.5 mg/kg intravenously; D = diltiazem (0.3 
mg/kg intravenously); N = nifedipine (0.17 mg/kg intrave- 
nously); V = verapamil (0.3 mg/kg intravenously). 

*p <0.05. 


A SYMPOSIUM: MANAGEMENT OF ANGINA PECTORIS 15D 


decreases contractility in vascular smooth muscle, 
where calmodulin promotes the phosphorylation 
of contractile proteins that results in amplification 
of contractility. On the other hand, inhibition of 
calmodulin in cardiac muscle increases calcium 
availability for contraction. When combined with 
bepridil’s ability to stimulate calcium—troponin 
binding and its ability to stimulate myosin adeno- 
sine triphosphatase activity, these actions tend to 
offset the effects of calcium-entry blockade in 
cardiac muscle and may account for bepridil’s 
lesser negative inotropic effect compared with 
conventional calcium antagonists. 

Bepridil shows a rapid kinetic, pH-dependent, 
lidocaine-like inhibition of sodium current, which 
can result in slowed atrial and ventricular conduc- 
tion. Although this slowing does not result in QRS 
widening at normal therapeutic doses, it can be- 
come more prominent under ischemic conditions 
because of its pH dependence. Consequently, this 
contributes class IB antiarrhythmic properties to 
bepridil’s actions. 

The net effect of bepridil’s multiple actions is to 
increase myocardial oxygen supply and decrease 
myocardial oxygen consumption, ideal properties 
of an antianginal agent. It does so with little 
reduction in systemic blood pressure and with 
lesser negative inotropic potential than traditional 
calcium antagonists. This mode of action, coupled 
with the convenience of once-daily dosing, pro- 
vides bepridil with a pharmacologic profile well 
suited to use in patients with refractory angina 
pectoris. 
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Hemodynamic Effects of Bepridil in Patients 
With Coronary Artery Disease 


Kenneth A. Narahara, MD 





Bepridil is a calcium antagonist with a unique 
chemical structure and properties that differ 
from other calcium antagonists (e.g., a long half- 
life, sodium channel inhibition). In patients with 
normal left ventricular function, intravenous be- 
pridil produces modest and short-lived reductions 
in heart rate and blood pressure. A transient neg- 
ative inotropic effect is associated with higher 
doses (3—4 mg/kg). At the highest recommended 
oral dosage (400 mg/day), bepridil decreases 
resting heart rate and blood pressure; maximal 
exercise double product is not significantly re- 
duced. In patients with impaired left ventricular 
function who are receiving oral bepridil 400 mg/ 
day, virtually no distinguishable effects on heart 
rate, mean arterial pressure, pulmonary artery 
diastolic pressure or systemic vascular resis- 
tance were observed compared with placebo 
treatment. In patients with coronary disease, be- 
pridil improves exercise hemodynamics (i.e., 
stroke volume index, cardiac index, ejection frac- 
tion) and reduces the frequency of wall motion 
abnormalities compared with placebo. Scinti- 
graphic studies performed during stress suggest 
that compared with placebo, bepridil improves 
myocardial perfusion. 

(Am J Cardiol 1992;69:17D—24D) 
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epridil is a calcium antagonist with a unique 
Beene structure. The drug has many 

pharmacologic actions common to other 
members of this class, as described elsewhere in 
this symposium. However, bepridil also exhibits 
properties that differ from other calcium antago- 
nists, including a long elimination half-life and 
sodium channel inhibition. 

The purpose of this article is to review the 
hemodynamic effects of this new agent. Antiangi- 
nal agents work by modifying myocardial oxygen 
requirements or by altering myocardial oxygen 
supply. Thus, this review will focus on those ele- 
ments of the “supply/demand” equation that can 
be determined readily from clinical investigation. 


ACUTE HEMODYNAMIC EFFECTS OF 
INTRAVENOUS BEPRIDIL 

Remme et al! investigated the hemodynamic 
effects of intravenous bepridil in 27 patients with 
coronary artery disease: 13 patients received 2 
mg/kg (group 1; Table I) and 14 received 4 mg/kg 
of bepridil (group 2; Table II) over 5 minutes. The 
group 1 patients had a mean ejection fraction of 
52 + 4% (mean + SEM). Patients receiving the 
higher dose of bepridil (group 2) had a mean 
ejection fraction of 57 + 3%. Of the patients, 12 in 
group | and 13 in group 2 had wall motion 
abnormalities. 

Ten minutes after initiating the intravenous 
administration of bepridil, a statistically significant 
decrease in heart rate (—9.0% in group 1; —7.9% 
in group 2) was seen (Figure 1). The heart rates 
returned to baseline values 30 minutes after bepri- 
dil administration. A dose-related decrease in 
systolic blood pressure of —8.4% and —12.1% 
(groups 1 and 2, respectively) was noted immedi- 
ately after the infusion, and this dissipated by 10 
minutes in both groups. No significant changes in 
left ventricular end-diastolic pressure were seen in 
group 1. 

In group 2, left ventricular end-diastolic pres- 
sure increased from 11 +1 to 15+2 mm Hg 
(p <0.05) immediately after the bepridil infusion, 
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TABLE I Bepridil Infusion 


Control 


78 +4 
131+6 
is = 2 
1577+ 101 
41+3 
6.1+0.5 
1,281 + 108 


*Bepridil infusion, 2 mg/kg over 5 minutes, in 13 patients. 
tp < 0.05 vs control. 


HR (beats/min) 

SBP (mm Hg) 

LVEDP (mm Hg) 

LV dP/dt (mm Hg/sec) 
SVI (mL/beat/m?) 


CO (L/min/m?) 
SVR (dyne - sec - cm~5) 


6 Minutes 


77° £3 
120 + 6t 
14+2 
1,543 + 123 
39+2 
5.8 + 0.4 
1,190 + 99 


After Bepridil Infusion* 


30 Minutes 


fons 
124+6 
i2 +2 
1,506 + 104 
41+2 
5.9+0.5 
1,315 + 112 


15 Minutes 


1243} 
126 +6 
14+2 
1,477 + 97 
42+3 
5.7+0.4 
1,326 + 114 


CO = cardiac output; HR = heart rate; LV dP/dt = left ventricular dP/dt; LVEDP = left ventricular end-diastolic pressure; SBP = systolic blood pressure; SVI = stroke volume index; 


SVR = systemic vascular resistance. 
Adapted from Eur Heart J. 





TABLE Ii Bepridil Infusion 


Control 


7624 
132 +4 
lized 
1,686 + 100 
39+3 

5.5:2 02 
1,423 + 116 
*Bepridil infusion, 4 mg/kg over 5 minutes, in 14 patients. 
tp < 0.05 vs control. 


For abbreviations, see Table |. 
Adapted from Eur Heart J.' 


HR (beats/min) 

SBP (mm Hg) 

LVEDP (mm Hg) 

LV dP/dt (mm Hg/sec) 
SVI (mL/beat/m? 

CO (L/min/m?) 

SVR (dyne - sec - cm~°) 


and the elevation persisted for 15 minutes. Addi- 
tionally, coronary blood flow increased by 17 and 
47% in groups 1 and 2, respectively, (p <0.05) 
during the bepridil infusions; coronary vascular 
resistance decreased significantly. Cardiac output 
was unaltered in both treatment groups through- 
out the study. 

A similar time course of hemodynamic effects 
was noted when the same investigators infused 


80 
HR 
(beats/min) Ja i 
70 


130 
zo} 
110 


* * * 
15 
SI eee 


SBP 
(mm Hg) 


LVEDP 
(mm Hg) 


CO 6.0 [ 
(l/min) 55 


Minutes 


6 Minutes 


jii ERR 
116 + 3f 
15 + 2f 
1,529 + 106t 
43 + 2t 
6.0 + 0.4 
1,196 + 103t 





o 2mg/kg 
© 4mg/kg in 
I +SEM 
Bepridil infusion 





After Bepridil Infusion* 


15 Minutes 30 Minutes 


ja 23 
132 + 4 
Le t-2 
1,634 + 96 
41+2 
537-£ 0:3 
1,417 + 140 


70 + 3T 
134+4 
14 + 2t 
1,563 + 104t 
40+3 
5.5+0.4 
1,444 + 168 


bepridil 3 mg/kg intravenously over 5 minutes 
followed by continuous infusion at a rate of 1 
mg/kg/hour.? During the continuous infusion, be- 
pridil levels were comparable to those seen during 
chronic oral dosing (2,500 ng/mL). The only signif- 
icant changes from baseline noted after 15 minutes 
of the bepridil infusion were a decrease in heart 
rate from 81 + 2 to 72 + 2 beats/min, an increase 
in stroke volume index from 35 +2 to 41+2 


FIGURE 1. The hemodynamic effects of 
2 and 4 mg/kg of bepridil are depicted 
with normal left ventricular 
function. Small transient decreases in 
heart rate (HR) and systolic blood pres- 
sure (SBP) are present. Statistically 
significant changes in left ventricular 
end-diastolic pressure (LVEDP) are 
present only with the higher doses of 
bepridil. Cardiac output (CO) was un- 
changed. C = control; 

SEM = standard error of the mean. 
(Adapted with permission from Eur 
Heart J.*) 
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mL/beat/m/?, and a statistically significant (9.3%) 
decline in peak left ventricular dP/dt from 
1,628 + 71 to 1,477 + 52 mm Hg/sec. 

During and after maximal atrial pacing, left 
ventricular end-diastolic pressures were signifi- 
cantly elevated in these patients with coronary 
artery disease. Administration of bepridil reduced 
these abnormalities (Figure 2). Additionally, bepri- 
dil reduced the production of lactate during maxi- 
mal pacing (p <0.05). 

A negative inotropic effect with high-dose intra- 
venous bepridil was reported by Tamari et al,? who 
found a significant reduction in left ventricular 
dP/dt after infusing 3 mg/kg of bepridil but not 
during the administration of 2 mg/kg of bepridil. 
Left ventricular end-diastolic pressures were not 
elevated by either bepridil dose. These investiga- 
tors also noted that 2 mg/kg of bepridil did not 
alter the cardiac index and that the 3 mg/kg dose 
_ increased cardiac index by 0.6 liters/m? (p <0.05). 
Systemic vascular resistance fell significantly (—188 
dyne - sec: cm~°; p <0.05) with the higher dose. 

Foult et al* described increases in left ventricu- 
lar end-diastolic pressure and decreases in dP/dt 
after infusing 4 mg/kg/min of bepridil. In addition, 
they noted an increased coronary hyperemic re- 
sponse to contrast media after the administration 
of bepridil. 

In patients with normal left ventricular function, 
intravenous bepridil appeared to produce only 
modest and short-lived reductions in heart rate and 
blood pressure. Effects on systemic vascular resis- 
tance were somewhat variable. Although a nega- 
tive inotropic effect was noted with the higher 
doses of bepridil (3-4 mg/kg), the effect was 
transient. Increases in coronary blood flow and 
hyperemic responses to contrast media were ob- 
served. Elevations in left ventricular end-diastolic 


HR 
(beats/min) 7 


FIGURE 3. Infusion of 2 and 4 mg/kg of 


bepridil in patients with impaired left ms 
ventricular function is depicted. Signifi- SBP an 
cant decreases in heart rate (HR) and (mm Hg) 2% 


cardiac index (Cl) are present for 30 
minutes after the completion of the in- 
fusion. Left ventricular end-diastolic 30 
pressure (LVEDP) was significantly ele- LVEDP 25 
vated with the higher-dose bepridil infu- (mmHg) 2 
sion. C = control; SBP = systolic N 
blood pressure; SEM = standard error 
of the mean. *p <0.01 versus control. 


CI 22 
(/min/m2) 20 
(Adapted from Am J Cardiol.5) 12 
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FIGURE 2. Effect of atrial pacing during placebo (APST I) 
and with bepridil (APST Il): Both ST-segment depression 
and left ventricular end-diastolic pressure (LVEDP) are 
significantly reduced during maximal pacing and 15 sec- 
onds after the termination of maximal pacing. APST = 
atrial pacing stress test; C = control; Max = maximal pac- 
ing; p-p = postpacing. Reproduced from Am J Cardiol.2 


pressures induced by atrial pacing were reduced 
with bepridil. 


HEMODYNAMIC EFFECTS OF INTRAVENOUS 
BEPRIDIL IN PATIENTS WITH SIGNIFICANT 
IMPAIRMENT OF LEFT VENTRICULAR FUNCTION 
Josephson et al? studied 11 patients with a mean 
ejection fraction of 33 + 14 who received 2 mg/kg 
of intravenous bepridil over 15 minutes. A second 
group of 11 patients with an average left ventricu- 
lar ejection fraction of 27 + 11 received 4 mg/kg of 
intravenous bepridil (Figure 3). Maximal changes 
in hemodynamic variables occurred between 15 
and 30 minutes after beginning the bepridil infu- 
sion and returned toward baseline by 45 minutes. 
The 2 mg/kg dose significantly decreased heart 


© 2 mg/kg 
© 4 mg/kg 
| + SEM 


Bepridil infusion 





Minutes 
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TABLE Ili Dose—Response Properties of Oral Bepridil* 


Bepridil 


Placebo 
(n = 45) 


200 mg 
(n = 43) 


300 mg 
(n = 46) 


400 mg 
(n = 44) 


Resting heart rate 
Baseline 
On Rx 


73.4 
68.8t 
) ; (—6.3%) 


71.8 

64.7t 
(—9.9%) 
Resting double product 

Baseline 

On Rx 


114 
115 
(+0.4%) 3%) 
Peak exercise double product} 
Baseline 223 
On Rx 


110 104 
104t 977 
(—5.5%) (-7.3%) 


212 
207 


) (-0.8%) (-—2.4%) (-5.8%) 
*The 178 patients were treated with a placebo or 1 of 3 doses of bepridil 
in a parallel design study. 
tp < 0.05 vs baseline. 
Double product = heart rate x blood pressure/100. 


Rx = treatment. 
Adapted from Am J Cardiol.® 


rate (—9%; p <0.01) and cardiac index (—14%; 
p <0.01). A 16% reduction in maximal left ventric- 
ular dP/dt and a 17% increase in systemic vascular 
resistance (p <0.01) were also noted. 

Similar directional changes were seen after the 
4 mg/kg dose of bepridil. However, the magnitude 
of changes was substantially greater. A 17% in- 
crease (from 23 to 27 mm Hg; p <0.01) in left 
ventricular end-diastolic pressure was measured 15 
minutes after the beginning of the 4 mg/kg bepridil 
infusion and persisted throughout the remainder 
of the 45 minute study. The left ventricular ejection 
fraction fell from 27 + 11% to 24 + 10% (p <0.05) 
and remained depressed after 45 minutes. Left 
ventricular dP/dt in this group decreased from 
1,300 to 1,072 mm Hg/sec (p <0.01) and systemic 
vascular resistance increased from 1,600 to 
1,840 + 400 (p <0.01). The authors concluded 
that bepridil exerted a significant negative ino- 
tropic and chronotropic effect in patients with 
significantly impaired left ventricular function. 


HEMODYNAMIC RESPONSES DURING 
CHRONIC ORAL THERAPY WITH BEPRIDIL 
Several large studies in patients with coronary 
artery disease provide data regarding chronic bepri- 
-dil therapy. In a parallel design study of 178 
patients with angina pectoris, Shapiro et al° com- 
pared a placebo with 200, 300, and 400 mg/day of 
bepridil. When baseline heart rates were compared 
with values obtained on the 3 different doses of 
bepridil, a dose-dependent decline was present 
(Table III). However, at the highest dose of bepri- 
dil (400 mg/day), the decrease in resting heart rate 





TABLE IV Dose—Response Properties of Oral Bepridil in the 
Same Patient* 


Bepridil 


Placebo 200mg 


Resting heart rate 70 70+ 
Resting blood pressure 137 135t 
Resting double product§ 95 93t 
Peak exercise 
Heart rate 
Blood pressure 
Double product§ 


300mg 400mg 


116 
176t 
206t 


119f 
175t 
208t 


*The = patients were treated consecutively with placebo and each dose of bepridil. 
tn=3/. 
tp < 0.05 vs baseline; n = 38. 


§Double product = heart rate x blood pressure/ 100. 
Adapted from Am J Cardiol.’ 


(a 9.9% reduction compared with baseline) was 
only 7 beats/min. 

Likewise, in comparing resting double product 
at baseline and during bepridil treatment, the 
maximum decrease seen in this trial was 6-7%; this 
was only statistically significant at the 300- and 
400-mg/day dose levels. During maximal exercise, 
there was a modest decline (—6%) in maximal 
exercise double product with the 400 mg/day dose, 
which did not reach statistical significance in this 
fairly large trial. 

Similar findings were reported by DiBianco et 
al,’ who studied 77 patients treated consecutively 
with a placebo or 200, 300, or 400 mg/day of 
bepridil. Of these patients, 38 received drug accord- 
ing to a once-daily dosing regimen (Table IV). The 
resting heart rate declined modestly, by 5-6%, 
reaching statistical significance at the 400 mg/day 
oral dose. Resting blood pressure did not change in 
this trial, and only at the highest dose of bepridil 
was resting double product significantly reduced. 
Peak exercise, heart rate, blood pressure, and 
double product were unchanged statistically, con- 
firming the findings of the previous study.° 


ORAL BEPRIDIL IN PATIENTS WITH IMPAIRED 
LEFT VENTRICULAR FUNCTION 

In an article presented elsewhere in this supple- 
ment, De Marco et alë examined in detail a group 
of patients receiving oral bepridil with a mean 
ejection fraction of 33% (range 17-44). Central 
hemodynamics, myocardial oxygen consumption, 
and coronary sinus blood flow were measured at 
least 48 hours after discontinuation of all antiangi- 
nal treatment. These measurements were repeated 
after approximately 2 weeks of treatment with oral 
bepridil 400 mg/day. 

Data from these patients with poor left ventricu- 
lar function but without overt heart failure receiv- 
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ing oral bepridil differed markedly from the obser- 
vations in patients given intravenous therapy. No 
distinguishable differences were observed in heart 
rate, mean arterial pressure, right atrial pressure, 
pulmonary artery diastolic pressure, or systemic 
vascular resistance when control observations were 
compared with those obtained on oral bepridil 400 
mg/day. 

The similarity between control and _ bepridil 
measurements in this cohort held true at rest, 
during submaximal pacing, and at maximal pacing. 
Double product, myocardial oxygen consumption, 
and coronary sinus blood flow were unchanged by 
bepridil therapy at rest and during the 2 pacing 
levels. The investigators concluded that, despite its 
potential negative inotropic effect, bepridil does 
not appear to exert deleterious effects on hemody- 
namics or left ventricular performance when given 
orally to patients who have no evidence of overt 
heart failure. 


EFFECT OF ORAL BEPRIDIL ON RESTING AND 
EXERCISE LEFT VENTRICULAR VOLUMES AND 
EJECTION FRACTIONS 

I have examined some of the determinants of 
myocardial oxygen demand in patients with coro- 
nary artery disease and stable angina. Since bepri- 
dil exhibits modest hemodynamic effects on the 
“demand” component of angina, some possible 
effects on the “supply” side of the equation will be 
discussed. In another trial,’ 20 patients with coro- 
nary disease were studied while receiving a placebo 
and after receiving increasing doses of bepridil 
(150, 300, and 450 mg/day). Active drug was then 
abruptly discontinued and the patients entered a 2 
week placebo washout phase. Exercise gated blood 
pool scintigraphy was performed during placebo 










FIGURE 4. Effect of bepridil on anginal 
frequency and nitroglycerin (TNG) con- 
sumption during the study. The fre- 
quency of anginal episodes and the 
number of nitroglycerin tablets con- 
sumed were significantly less than con- 
trol during bepridil therapy and in the 


Angina 
episodes/wk 


week following its abrupt termination. TNG 
*p <0.01 versus control placebo; tabs/wk 
tp <0.05 versus control placebo. 

(Adapted from Am J Cardiol.?) 


Control placebo 
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therapy and during the 450 mg/day dose of bepri- 
dil. 

Angina and nitroglycerin consumption were 
reduced significantly (Figure 4) during administra- 
tion of the active drug, in keeping with the observa- 
tions of other investigators.®!5 Statistically signifi- 
cant reductions in both angina and nitroglycerin 
use were sustained during the week following 
abrupt discontinuance of the drug. Thus, as judged 
clinically, the drug’s long elimination half-life ap- 
pears to produce a long duration of action. Fur- 
ther, bepridil treatment can be terminated abruptly 
without withdrawal syndromes or rebound phenom- 
ena. 

In the scintigraphic portion of this study, 13 
patients were studied at rest and during exercise. 
Heart rate, blood pressure, ejection fraction, left 
ventricular volumes, and cardiac index were mea- 
sured and were virtually identical at rest during 
placebo and bepridil treatment (Figure 5). Exer- 
cise during placebo therapy caused an increase in 
end-systolic volume index, translating into a de- 
crease in ejection fraction from 60-55%. 

By protocol design, when the patients were 
exercised during bepridil therapy, they were taken 
to their previous (placebo) maximal exercise level. 
When patients performed the same total work on 
bepridil as they had during exercise on placebo 
treatment, there was no change in end-systolic 
volume index when compared with rest; the ejec- 
tion fraction increased slightly (Figure 5). At this 
level of on-treatment exercise, the heart rate was 
reduced significantly when compared with placebo 
treatment.!® 

Bepridil therapy allowed all patients to exercise 
beyond their placebo end points. Exercise capacity 
increased by 86%, from 336+ 51 to 625 + 115 
KPM. The increase in end-systolic volume index 





Placebo washout 





Active drug 
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[_] Placebo 


Bepridil 


Rest ETT Level 1 
0 O 336 336 
64 60 94 83" 
135 133 164 154 
60 60 55t 63* 
20: 25 3.9 4.0 





FIGURE 5. Effect of bepridil on exercise 
left ventriculography. Resting left ven- 
tricular volume indices and ejection 
fractions are unchanged when placebo 
is compared with oral bepridil 450 mg/ 
day. During maximal exercise with pla- 
cebo treatment, a significant increase 
in end-systolic volume index (ESVI) oc- 
curs with a concomitant decrease in 
left ventricular ejection fraction (EF). At 
an identical level of exercise during be- 
pridil therapy, left ventricular end-dias- 
tolic volume index, stroke volume index 
(SVI), and EF increase. The bepridil 
treatment maximal exercise ventriculo- 


ETT Level 2 graphic findings are presented in the 
BB SPY SNE By Se far right-hand column. Despite an 86% 
625 increase in total work, maximal exer- 
93 cise double product was no different 
174 from that seen during placebo treat- 
ment. Bepridil eliminates the expected 


62" 
4.6° 


increase in ESVI and decrease in EF. 
Cl = cardiac index; ETT = exercise 
tolerance test; HR = heart rate; 
KPM = k ; SBP = systolic 


blood pressure. *p <0.05 versus placebo value during ETT level 1. tp <0.05 versus value at rest. (Adapted from Am J 


Cardiol.**) 


documented during placebo treatment did not 
occur with bepridil therapy. Consequently, the 
patients’ ejection fractions did not decline, despite 
workloads that were higher than those achieved 
during maximal exercise on a placebo. 

During placebo treatment, 7 patients developed 
wall motion abnormalities during exercise (Figure 
6), as would be expected in patients with coronary 
artery disease. With bepridil therapy, the ejection 
fraction increased from 60% at rest to 62% during 


Placebo 


Rest Exercise 


Bepridil 


Rest Exercise 


Ejection 
fraction 


È + SEM 


o Normal wall motion 


è Abnormal wall motion 


FIGURE 6. The mean resting ejection fraction is unchanged 
by bepridil therapy (60 + 1.7% and 60 + 1.7%; placebo 


and bepridil, respectively). During maximal exercise, the 
decreased significantly to 55 + 1.9% 


ing bepridil therapy, the ejection fraction increased to 

62 + 2.2% (p <0.05 versus placebo) and stress wall mo- 
tion abnormalities were present in only 4 patients. 

SEM = standard error of the mean. (Reproduced from Am 
J Cardiol.**) 





maximal exertion. On the active drug, wall motion 
abnormalities occurred in only 4 patients during 
the stress study. Maximal cardiac index was signifi- 
cantly increased as well (Figure 5), which may 
provide an explanation for why the patients “felt 
better” during the evaluation of symptoms in this 
trial. 

It was concluded that, although bepridil therapy 
was associated with a significant increase in peak 
workload, maximal exercise heart rate and systolic 
blood pressure were not significantly altered. When 
compared with placebo, bepridil was associated 
with significant increase in exercise: stroke volume 
index, cardiac index, and ejection fraction. Finally, 
the agent appeared to reduce the appearance of 
wall motion abnormalities and preserve global 


500 


400 


Degrees of 
abnormal stress 300 
thallium-201 


uptake 


Placebo Bepridil 
FIGURE 7. Effect of bepridil on thallium-201 stress perfu- 
sion. The total number of degrees of abnormal stress thal- 
lium uptake from 3 planar views was reduced from 451 + 
83° to 265 + 95° (p = 0.02). 
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ejection fraction during exercise in patients with 
angina. 

Virtually identical findings have been published 
by Zusman et al!’ using first-pass radionuclide 
ventriculography. One could infer that these bene- 
fits were achieved through increases in coronary 
blood flow or improvement in the distribution of 
coronary blood flow, since there was no significant 
change in the primary determinants of myocardial 
oxygen demand (heart rate and blood pressure). 


EFFECTS OF ORAL BEPRIDIL ON MYOCARDIAL 
PERFUSION 

To elucidate further the hemodynamic actions 
of bepridil, a separate group of 11 patients under- 
went stress thallium-201 scintigraphy during pla- 
cebo treatment and after 2 weeks of therapy with 
oral bepridil 300 mg/day. The study design was 
similar to the one previously described. The dura- 
tion of the first (placebo) exercise test determined 
the length of time of the second (bepridil) stress 
thallium-201 study. Three planar views were evalu- 
ated, and perfusion defect size was expressed as 
the number of radial degrees of abnormal uptake 
compared with a normal population. Exercise dou- 
ble products were not significantly different. How- 
ever, the number of radial degrees of abnormal 
stress thallium uptake was reduced from 451 + 83° 
to 265 + 95° (—41%; p = 0.02; Figure 7). These 
data suggest that myocardial perfusion is improved 
when bepridil therapy is compared with placebo 





FIGURE 8. Patients were exercised to identical workloads 
during placebo and bepridil treatment. During placebo 
treatment an extensive inferior and septal defect are 
present during exercise. The bepridil treatment images 
are nearly normal. ANT = anterior; LAO = left anterior 
oblique. 





FIGURE 9. Thallium-201 stress perfusion images are pre- 
sented. An anterior defect is present from approximately 
twelve o’clock to one o’clock on the anterior placebo 
treatment image and from nine o’clock to eleven o’clock 
on the LAO image. The bepridil treatment images are virtu- 
ally normal at an identical exercise workload and double 
product. ANT = anterior; LAO = left anterior oblique. 


treatment at equal levels of external work and 
resultant double product. Typical imaging results 
are shown in Figures 8 and 9. 

In summary, oral bepridil’s effects on hemody- 
namics are relatively modest when heart rate and 
blood pressure are evaluated at rest or during 
exercise. Some of bepridil’s antianginal properties 
may be related to the drug’s ability to alter favor- 
ably myocardial perfusion or its distribution. 
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Effects of Antianginal Therapy on Left 
Ventricular Systolic and Diastolic Performance: 


Comparison of the Response to Bepridil, 
Propranolol, and Diltiazem 


Randall M. Zusman, mD, Donna M. Christensen, msn, Joy Higgins, BSN, and 
Charles A. Boucher, MD 


Abnormalities of left ventricular (LV) systolic per- 


formance develop during exercise in patients 
with coronary artery disease (CAD) as a result of 
ischemia-induced regional wall motion abnormali- 
ties. Like patients with hypertension and those 
with hypertrophic cardiomyopathy, patients with 
CAD display abnormalities of LV diastolic perfor- 
mance under basal conditions in the absence of 
ischemia. The purpose of these studies was to 
compare the effects of bepridil versus those of 
propranolol or diltiazem in patients with exer- 
tional angina pectoris. LV systolic and diastolic 
performance were assessed at rest and during 
peak upright bicycle exercise by first-pass radio- 
nuclide ventriculography. Compared with pro- 
pranolol, bepridil increased exercise capacity, 
cardiac output, and stroke volume and decreased 
systemic vascular resistance. Compared with 
diltiazem, bepridil increased exercise capacity, 
peak filling rate, and early diastolic filling frac- 
tion and decreased systemic vascular resistance, 
heart rate, time to peak filling rate, and atrial fill- 
ing volume. Bepridil therapy is associated with 
improved exercise capacity and decreased angi- 
nal frequency and nitroglycerin consumption. In 
addition, its use is accompanied by favorable 
changes in LV systolic and diastolic function at 
rest and during exercise. These changes are con- 
sistent with benefits resulting from resolution of 
myocardial ischemia as well as from positive lusi- 
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tropic effects of bepridil on the ventricular myo- 
cardium. 
(Am J Cardiol 1992;69:25D—30D) 


(CAD) and exertional angina pectoris, assess- 

ments of the success of antianginal therapy 
have focused on the effect of treatment on both 
anginal frequency and nitroglycerin consumption 
during the patients’ usual daily activities as well as 
on exercise tolerance during exercise testing. Alter- 
natively, one might focus on the abnormalities of 
left ventricular (LV) function that characterize the 
patient with CAD and the effects of antianginal 
therapy on parameters of cardiac performance 
measured at rest and during exercise. 

Acute myocardial infarction with loss of func- 
tional myocardial segments results in progressive 
ventricular enlargement, decreased systolic perfor- 
mance, and increased mortality in patients with 
depressed ejection fractions.! In the absence of 
infarction, exertional angina leads to regional wall 
motion abnormalities and abnormal systolic perfor- 
mance, which results in a decrease in ejection 
fraction measured at peak exercise compared with 
that measured at rest. The decrease in ejection 
fraction in the patient with CAD and angina 
pectoris contrasts with the increase in ejection 
fraction that characterizes the normal patient’s 
response to exertion. At rest, however, the patient 
with CAD usually exhibits normal parameters of 
systolic performance.? 

Recently, however, interest has focused on the 
assessment of LV diastolic performance in patients 
with cardiovascular disease (Table I). Patients with 
hypertrophic cardiomyopathy or systemic hyperten- 
sion are known to have abnormalities of LV dias- 
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TABLE | Comparative Clinical Characteristics of Cardiomyopathies Associated with Abnormal Left Ventricular (LV) Diastolic Function 


Clinical disease: Coronary artery disease 


Pathophysiology: Chronic ischemia 


Abnormal calcium uptake 


Clinical consequences: LV systolic failure 


Pulmonary congestion 
Myocardial infarction 


tolic performance when assessed by either radionu- 
clide ventriculography or echocardiography.’ The 
abnormalities of diastolic performance in the pa- 
tient with hypertrophic cardiomyopathy are the 
direct result of the genetic defect and biochemical 
abnormalities that characterize this disorder and 
lead to LV hypertrophy.’ In patients with hyperten- 
sion, diastolic abnormalities result from the devel- 
opment of LV hypertrophy and/or changes in 
myocardial performance or myocardial collagen 
deposition. These changes are the result of the 
compensatory response of the hypertensive patient 
to increased systemic vascular resistance and to 
physiologic responses designed to maintain cardiac 
output in the presence of increased peripheral 
vascular tone.’ Patients with significant coronary 
artery obstruction and exertional angina pectoris 
have also demonstrated significant abnormalities 
of diastolic performance even at rest, without 
symptoms of myocardial ischemia. These abnormal- 
ities are demonstrable by radionuclide ventriculog- 
raphy and are found regardless of a history of 
myocardial infarction or the presence of an abnor- 
mal LV ejection fraction and resting wall motion 
abnormalities.® 

The precise mechanism by which diastolic abnor- 
malities develop in patients with CAD and normal 
systolic function are unclear at this time. However, 
the role of calcium in regulating myocardial systolic 
and diastolic performance and the benefits of 
calcium antagonists in the treatment of hypertro- 
phic cardiomyopathy and hypertension and the 
reversal of diastolic filling abnormalities in the 
latter disorders have focused attention on the ab- 
normalities of calcium metabolism that character- 
ize patients with myocardial ischemia.’ Of particu- 
lar interest is the response of these patients to the 
use of calcium antagonists not only to diminish 
anginal frequency, but also to reverse abnormali- 
ties of ventricular performance. 

The purpose of these studies was to compare 
the myocardial response (at rest and at peak 
exercise) to treatment with bepridil HCl versus 
alternative therapies in patients with stable exer- 
tional angina pectoris. In the first study, the re- 


Hypertrophic cardiomyopathy 


Increased myocardial calcium channels 


Aortic outflow obstruction 
Pulmonary congestion 
Ventricular tachyarrhythmias 


Hypertension 


Compensatory myocardial hypertrophy 
and ventricular dilation 


Ventricular hypertrophy 
Pulmonary congestion 
LV systolic failure 





sponse to bepridil was compared with the response 
to B-adrenergic blockade with propranolol. In the 
second study, patients with a submaximal response 
to a multidrug regimen (including maximal doses 
of diltiazem for the treatment of angina) were 
studied when bepridil was substituted for diltiazem 
therapy. 


METHODS 

First-pass radionuclide ventriculography was 
performed at rest and at peak bicycle exercise, as 
described elsewhere.’ LV systolic performance was 
characterized by determination of LV end-dias- 
tolic and end-systolic volumes, stroke volume, and 
cardiac output; peak ejection rate and time to peak 
ejection rate were calculated from the first deriva- 
tive curve derived from the LV volume-time rela- 
tionship. LV diastolic performance was character- 
ized by calculating the peak filling rate, time to 
peak filling rate, early diastolic filling fractions 
(measured at 25% and 50% of the diastolic time 
interval), and the atrial filling volume. 

Bepridil versus propranolol: The characteris- 
tics of the patient populations studied in the 
bepridil versus propranolol comparison are re- 
ported in full elsewhere.’ Patients with exertional 
angina participated in a randomized, crossover, 
placebo-controlled clinical trial to assess the an- 
tianginal efficacy of bepridil (200-400 mg/day) 
versus propranolol (80-320 mg/day; Figure 1). 
Exercise tolerance testing was performed during 
treatment with placebo, bepridil, or propranolol. 

Anginal frequency and nitroglycerin consump- 
tion were assessed on the basis of diaries com- 
pleted by the trial participants. First-pass radionu- 
clide cineangiography was performed at the end of 
each active treatment period. 

Bepridil versus diltiazem: The characteristics 
of the patient populations participating in the 
bepridil versus diltiazem protocol have been re- 
ported previously.'? Patients with a suboptimal 
clinical response to the treatment of exertional 
angina with a regimen consisting of maximally 
tolerated doses of diltiazem in addition to B-adren- 
ergic-blocking drugs and/or long-acting nitrate 
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FIGURE 1. Study design for the compari- 
son of the effects of propranolol and 
bepridil in patients with exertional an- 
gina pectoris. ETT = exercise toler- 
ance testing; FPRC = first-pass radio- 
nuclide cineangiography. 


preparations were entered into the multicenter 
trial (Figure 2). They underwent clinical evaluation 
following randomization to either bepridil therapy 
or continued use of diltiazem. Patients were evalu- 
ated after 8 weeks of blinded therapy by first-pass 
radionuclide cineangiography. Those initially ran- 
domized to diltiazem were subsequently treated 
with bepridil and underwent similar evaluation 
after 8 weeks of treatment. 

In both of these studies, patients participating at 
the Massachusetts General Hospital as part of the 
multicenter effort underwent evaluation of LV 
systolic and diastolic performance. First-pass radi- 
onuclide cineangiography was performed by observ- 
ers blinded to the patients’ randomization and 
medication. The studies were approved by the 
Subcommittee of Human Studies of the Commit- 
tee on Research at the Massachusetts General 
Hospital. Each patient gave written informed con- 
sent to participate in the study. 

Statistical analyses were performed by paired t 
test and a p value <0.05 was considered statisti- 
cally significant. 


FIGURE 2. Study design for the compari- 
son of the effects of bepridil and dil- 
tiazem in patients with a suboptimal 
response to a medical regimen includ- 
ing maximal tolerated doses of dil- 
tiazem. {= time of exercise testing in 
patients originally continued on dil- 
tiazem; ETT = exercise tolerance test- 
ing; FPRC = first-pass radionuclide 
cineangiography. 








RESULTS 

Bepridil versus propranolol (n = 7): Patients 
treated with bepridil (mean dose, 357 + 17 mg/day 
[standard error of the mean]) exercised for a total 
of 9.5 + 0.7 minutes, compared with 7.0 + 0.6 
minutes (p <0.05) during treatment with proprano- 
lol (mean dose, 206 + 37 mg/day). Patients treated 
with bepridil experienced angina after 7.6 + 1.0 
minutes, versus 6.8 + 0.7 minutes during treat- 
ment with propranolol. The heart rate—blood pres- 
sure product at the point of angina in patients 
treated with bepridil was 21,638 + 890 (beats/ 
min X mm Hg); this was significantly greater 
(p <0.05) than that noted during treatment with 
propranolol (16,347 + 1,140). The resting and peak 
exercise blood pressures and heart rates observed 
during first-pass radionuclide ventriculography were 
significantly lower in patients treated with pro- 
pranolol than with bepridil (Figure 3). However, 
systemic vascular resistance was significantly lower 
during bepridil therapy compared with that mea- 
sured during propranolol therapy; cardiac output 
was significantly greater both at rest and during 
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peak exercise by bepridil therapy compared with 
propranolol therapy (Figure 4). LV stroke volume 
at peak exercise during bepridil therapy was 
116 + 12 mL/beat; this was greater than that 
measured during treatment with propranolol, which 
was 105 + 12 mL/beat (p <0.05). Peak ejection 
rate at rest was similar during the administration of 
bepridil compared with propranolol. It was, how- 
ever, significantly greater during peak exercise with 
bepridil therapy. Time to peak ejection rate at rest 
was 193 + 6 and 171 + 9 msec (p <0.05) during 
propranolol and bepridil therapy, respectively (Fig- 
ure 5). Although peak filling rate, early diastolic 
filling fraction, and atrial filling volume did not 
differ either at rest or during peak exercise with 
propranolol or bepridil therapy (Figures 6 and 7), 
time to peak filling rate was significantly less during 
treatment with bepridil compared with pro- 
pranolol, both at rest and during peak exercise 
(Figure 6). 
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FIGURE 3. Effects of bepridil and propranolol on blood 
pressure and heart rate at rest and during peak upright 
bicycle exercise. * Significant difference between treat- 
ments, p <0.05. 
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FIGURE 5. Effects of bepridil and propranolol on peak 
ejection rate and time to peak ejection rate at rest and 
during peak upright bicycle exercise. EDV = end-dia- 
stolic volume. * Significant difference between treat- 
ments, p <0.05. 








Bepridil versus diltiazem (n = 6): Total tread- 
mill exercise time was 10.9 + 1.2 and 12.3 + 0.9 
minutes (p <0.05) during treatment with diltiazem 
and bepridil, respectively. Time to angina pectoris 
was 7.4 + 0.2 and 11.4 + 0.1 minutes (p <0.05) 
during treatment with diltiazem and bepridil, re- 
spectively. Anginal frequency was 23 + 8and8 + 3 
episodes per 2-week period (p <0.05) in patients 
receiving diltiazem and bepridil, respectively. A 
decrease in nitroglycerin consumption, from 18 + 7 
to 7+3 tablets per 2-week period (p <0.05), 
occurred during these treatment periods as well. 

No difference in the resting or peak exercise 
blood pressures was observed in patients treated 
with bepridil or diltiazem. Heart rate at rest 
decreased slightly but insignificantly during treat- 
ment with bepridil compared with diltiazem. How- 
ever, peak heart rate during first-pass radionuclide 
cineangiography decreased significantly, from 
112+8 to 99+9 (p <0.05), during treatment 
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FIGURE 4. Effects of bepridil and propranolol on systemic 
vascular resistance and cardiac output at rest and during 
peak upright bicycle exercise. * Significant difference be- 
tween treatments, p <0.05; ** significant difference be- 
tween treatments, p <0.0L 
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FIGURE 6. Effects of bepridil and propranolol on peak fill- 
ing rate and time to peak filling rate at rest and during 
peak upright bicycle exercise. * Significant difference be- 
tween treatments, p <0.05. 
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with diltiazem and bepridil, respectively. Systemic 
vascular resistance was significantly lower during 
treatment with bepridil compared with diltiazem at 
rest but not during exercise (Figure 8). Cardiac 
output was similar during treatment with both 
calcium antagonists, and no statistically significant 
changes were noted in ventricular volumes or in 
stroke volume during either treatment. Neither 
peak ejection rate nor time to peak ejection rate 
was significantly different during either treatment. 
However, peak filling rate was increased signifi- 
cantly both at rest and during peak exercise by 
bepridil compared with diltiazem; this was associ- 
ated with a significant decrease in time to peak 
filling rate both at rest and during peak exercise 
with bepridil administration (Figure 9). Similarly, 
early diastolic filling fraction measured at both 
25% and 50% of the diastolic time interval in- 
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FIGURE 7. Effects of bepridil and on early dia- 
stolic filling fraction (DF25, DF50) and atrial filling volume 
(AFV) at rest and during peak upright bicycle exercise. 
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FIGURE 9. Effects of bepridil and diltiazem on left ventricu- 
lar peak filling rate and time to peak filling rate at rest and 
during peak upright bicycle exercise. EDV = end-dia- 
stolic volume. * Significant difference between treat- 
ments, p <0.05. 








creased during treatment with bepridil compared 
with diltiazem; atrial filling volume decreased sig- 
nificantly during treatment with bepridil compared 
with diltiazem (Figure 10). 


DISCUSSION 

Our previous placebo-controlled studies have 
demonstrated that treatment of stable exertional 
angina with bepridil results in an increase in 
ejection fraction both at rest and during exercise as 
well as a significant increase in stroke volume and 
cardiac output.'! Similarly, bepridil therapy is asso- 
ciated with a small but consistent decrease in 
systemic vascular resistance and heart rate both at 
rest and during exercise. The effective antianginal 
response to bepridil therapy in these placebo- 
controlled clinical trials was accompanied by an 
increase in peak ejection rate, peak filling rate, and 
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FIGURE 8. Effects of bepridil and diltiazem on systemic 
vascular resistance and cardiac output at rest and during 
peak upright bicycle exercise. * Significant difference be- 
tween treatments, p <0.05. 
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FIGURE 10. Effects of bepridil and diltiazem on left ventric- 
ular early diastolic filling fraction (DF25, DF50) and atrial 
filling volume (AFV) at rest and during peak upright bicycle 
exercise. * Significant difference between treatments, 

p <0.05. 
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early diastolic filling fraction as well as a decrease 
in time to peak ejection rate, time to peak filling 
rate, and atrial filling volume measured at rest 
and/or during exercise. These changes are consis- 
tent with improved systolic performance, most 
likely secondary to an improvement in myocardial 
oxygen demand/supply relation despite the higher 
workload achieved by bepridil-treated patients. 

The improvements in LV diastolic performance 
at peak exercise might have resulted from ameliora- 
tion of the detrimental effects of ischemia during 
exercise and, thus, the preservation of myocardial 
lusitropic performance. However, the improved 
parameters of LV systolic and diastolic perfor- 
mance at rest in these patients argues for a direct 
benefit resulting from bepridil administration. The 
improvement in parameters of systolic function 
may be the result of afterload reduction and 
peripheral dilation. The improvements in LV dias- 
tolic performance measured at rest may result from 
the intracellular alterations in calcium and sodium 
handling, secondary to the effects of bepridil on the 
cellular calcium and sodium transport mecha- 
nisms. !? 

In comparison to the response to propranolol, 
bepridil therapy was associated with an increase in 
exertional capacity, cardiac output, and stroke 
volume and a decrease in systemic vascular resis- 
tance, whereas propranolol therapy was associated 
with a significant decrease in blood pressure and 
heart rate both at rest and during peak exercise. In 
comparison to the response to diltiazem, bepridil 
therapy was associated with an increase in exer- 
tional capacity, peak filling rate, and early diastolic 
filling fraction and a decrease in systemic vascular 
resistance, heart rate, time to peak filling rate, and 
atrial filling volume. 

Our experience with bepridil suggests that its 
use is associated with improved LV myocardial 
performance. Using first-pass radionuclide cinean- 
giography, we have demonstrated that bepridil 
therapy results in improved parameters of LV 
diastolic function in patients with stable exertional 
angina, including those who have had a suboptimal 
response to a multidrug treatment regimen. The 
clinical significance of these changes in LV dias- 
tolic and systolic performance in terms of the 
natural history of CAD in this patient population is 
unknown and, to date, has not been the focus of 
any epidemiologic evaluation. 

A parallel clinical experience is noted in pa- 
tients with hypertension, where much attention has 
been focused on the ability of antihypertensive 
medications to decrease blood pressure. The ef- 


fects of antihypertensive therapy on metabolic 
parameters (e.g., cholesterol, triglyceride, glucose, 
and potassium metabolism) and on LV systolic and 
diastolic properties have only recently become the 
focus of clinical investigation.'? Similarly, although 
many agents are effective for treating patients with 
CAD, the reduction in anginal frequency and 
nitroglycerin consumption and the extension of 
exertional capacity are but 3 of the parameters that 
might be assessed in this patient population. Im- 
provements in LV inotropic and lusitropic proper- 
ties during treatment of angina pectoris might be 
associated with changes in long-term myocardial 
performance and/or mortality and morbidity and 
may be important issues for future research. Our 
studies indicate that the use of bepridil is associ- 
ated with improvements in LV systolic and dias- 
tolic performance; in our opinion, these changes 
are desirable in treating this patient population. 
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Systemic and Coronary Hemodynamic Effects of 
Bepridil in Patients with Depressed Left 
Ventricular Function 


Teresa De Marco, mp, Prakash Deedwania, mD, and Kanu Chatterjee, MB, FRCP 


To assess the effects of oral bepridil therapy 


(10—14 days) on cardiac performance and myo- 
cardial energetics in the presence of depressed 
left ventricular function, systemic and coronary 
hemodynamic effects and neurohumoral effects 
were evaluated in 7 patients with coronary artery 
disease and reduced ejection fraction at control, 
submaximal, and maximal pacing rates during 
atrial pacing stress. After bepridil therapy, arte- 
rial, right atrial, and left ventricular filling pres- 
sures as well as systemic vascular resistance 
and left ventricular stroke work index did not 
change, suggesting no deleterious effects of be- 
pridil on cardiac performance in patients with re- 
duced ejection fraction. Rate—pressure product, 
myocardial oxygen consumption, coronary sinus 
blood flow, myocardial lactate extraction, and 
catecholamine balance remained unchanged. 
Development of angina during pacing showed a 
variable response to bepridil. We conclude that 
despite its potential negative inotropic effect, 
bepridil does not exert deleterious effects on he- 
modynamics or left ventricular performance. The 
mechanism for its beneficial antianginal effect 
may be due to favorable redistribution of myocar- 
dial blood flow to ischemic zones; no clear effect 
on anginal threshold or sympathetic tone could 
be demonstrated in these patients. 

(Am J Cardiol 1992;69:31D—36D) 
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epridil hydrochloride (HCI) is a long-acting 
Bes antagonist with both antianginal 

and antiarrhythmic properties. Previous 
studies have shown that oral bepridil is efficacious 
for the treatment of angina pectoris.'® Although 
acute intravenous administration of bepridil has 
been associated with modest depression of left 
ventricular performance in patients with normal 
left ventricular function,’ there were no untoward 
effects in patients with ischemic heart disease and 
low ejection fraction.® Preservation of left ventricu- 
lar function has been demonstrated after chronic 
oral bepridil administration in patients with angina 
pectoris.* However, the potential exists for deterio- 
ration of cardiac function in patients with pretreat- 
ment ischemia-induced depressed left ventricular 
function. The purpose of this study was therefore 
to evaluate the effect of chronic oral bepridil on 
left ventricular performance, coronary hemodynam- 
ics, and neurohumoral profile, as well as anginal 
threshold in patients with depressed left ventricu- 
lar function during atrial pacing stress. 


METHODS 

Patient population: The study group consisted 
of 7 patients (7 men aged 52-76, mean age 65 
years) with coronary artery disease and New York 
Heart Association class II or III chronic stable 
angina. Angina was defined as chronic if it had 
been present >3 months and stable if the work 
threshold at which angina appeared was consistent 
by history and functional class and had not recently 
deteriorated. These study group patients had de- 
pressed left ventricular systolic function, deter- 
mined by radionuclide scintigraphic or echocardio- 
graphic ejection fractions to be in the range of 
17-44% (mean 33%). 

Study protocol: The study was approved by the 
Institutional Review Board and written, informed 
consent was obtained from each patient. Patients 
were studied in the resting, nonsedated fasting 
state. Calcium antagonists, B blockers, and nitrates 
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were discontinued at least 48 hours prior to the 
study. 

The study was performed in the cardiac care 
unit. Right atrial, pulmonary artery, and pulmo- 
nary capillary wedge pressures were measured 
using a triple-lumen balloon flotation thermister 
catheter. Cardiac output was determined in tripli- 
cate by the thermodilution method using the same 
catheter. Arterial pressure was recorded directly 
by cannulation of the radial artery. A double 
thermister coronary sinus catheter with pacing 
electrodes (Wilton Webster Laboratories) was in- 
troduced percutaneously into the coronary sinus to 
measure coronary sinus blood flow by the constant 
infusion thermodilution technique and to obtain 
coronary sinus venous samples.”!? To minimize 
coronary sinus reflux, the catheter was advanced 
under fluoroscopic guidance into the midcoronary 
sinus and its position ensured with a small bolus of 
contrast material. Significant reflux was further 
excluded by monitoring changes in coronary sinus 
blood temperature during an injection of iced 
saline, 10 mL, into the right atrium before the 
study, prior to measurement of coronary sinus 
blood flow, and at the end of the study.!! 

After determination of 2 sets of baseline sys- 
temic and coronary hemodynamics 15 minutes 
apart and blood sampling for oxygen saturation 
and lactate and catecholamine levels, the same 
measurements were obtained at a submaximal 
atrial pacing rate of 120 beats/min and at maximal 
pacing rate of 130-150 beats/min. In several in- 
stances of decreased atrioventricular conduction at 
higher atrial pacing rates, intravenous atropine, 
0.5-1.0 mg, was administered to promote 1-to-1 
atrioventricular conduction. Patients were dis- 
charged on a 10—14-day course of oral bepridil, 400 
mg daily. The patients were then restudied using 
the same protocol. Time to angina was recorded 
clinically. 

Measurements: Derived systemic and coro- 
nary hemodynamic variables were calculated as 
follows: 


SVI (mL/m2) = CI/HR 


where SVI = stroke volume index, CI = cardiac 
index, and HR = heart rate. 


SWI (g/m?) = SVI x (MSP — PCWP) x 0.0136 


where MSP = mean systolic arterial pressure, 
PCWP = mean pulmonary capillary wedge pres- 
sure, and SWI = stroke work index. 


SVR = (MAP — RAP)/CO x 80 


where SVR (dyne : sec - cm~>) = systemic vascular 
resistance, MAP = mean arterial pressure, RAP = 
mean right atrial pressure, and CO = cardiac 
output. 


MPAP — PCWP 
DIAEA T ap ite no oe 


PVR = CO 80 
where PVR (dyne - sec - cm~°) = pulmonary vascu- 
lar resistance and MPAP = mean pulmonary 
artery pressure. 
canr Gib/isiny= See 
(mL/min) = To- Tm] ~ 


x 1.08 x 46 mL/min 


where CSBF = coronary sinus blood flow, Tb = 
temperature of blood, Ti = temperature of injec- 
tate, and Tm = temperature of mixture of blood 
and indicator; 1.08 is a constant accounting for 
specific heat and density of both blood and indica- 
tor and 46 mL/min is the injection rate of the 
indicator (5% dextrose and water) through the 
Harvard constant infusion pump. 

Oxygen saturations were measured with a Corn- 
ing 175 automated blood and pH analyzer. Lactate 
concentrations were measured by enzymatic spec- 
trofluorometric technique.'* Normal lactate levels 
are 5-18 mg/dL. The metabolic variables were 
calculated as follows: 


oxygen content (vol %) 
= oxygen saturation X hemoglobin x 1.34; 
myocardial oxygen consumption (MVO,, mL/min) 
= (arterial — coronary) sinus oxygen content 
x coronary sinus blood flow x 1077; 
myocardial lactate extraction (%) 


arterial — coronary) lactate 


arterial lactate 

Norepinephrine and epinephrine were mea- 
sured by radioisotope enzymatic assay." In our 
laboratory, replicate measurements of plasma nor- 
epinephrine and epinephrine have a coefficient of 
variation of 7% and 11%, respectively. Normal 
laboratory values in supine subjects are as follows: 
norepinephrine, 100-550 pg/mL and epinephrine, 
35-165 pg/mL. Net transmyocardial release of 
norepinephrine and epinephrine were calculated 
as: 


(arterial — coronary) sinus difference (pg/mL) 


x coronary sinus blood flow (mL/min). 
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FIGURE 1. Effect of bepridil on systemic 
hemodynamics at control heart rate (C), 
submaximal pacing rate (SMPR), and 
maximal pacing rate (MPR). As pacing 
rate increased, pulmonary artery dia- 
stolic pressure (PAD) increased and left 
ventricular stroke work index (LVSWI) 
decreased. There was no change in 
heart rate (HR), mean arterial pressure 
(MAP), right atrial pressure (RAP), PAD, 
systemic vascular resistance (SVR), or 
LVSWI following bepridil. p = difference 
not significant (NS), bepridil vs base- 
line. Results are given as variable + 
standard deviation. n = 7. 


Statistical analysis: Values are represented as 
the mean + standard deviation. A p value of <0.05 
was considered significant. Statistical determina- 
tions were performed using Student’s paired ¢ test 
to compare values before and after institution of 
bepridil. 


RESULTS 

Systemic hemodynamics: The systemic hemo- 
dynamic effects of bepridil are shown in Figure 1. 
Baseline hemodynamics for our patient population 
were within normal limits at rest. The left ventricu- 
lar filling pressure increased from 11 + 5mm Hg at 
rest to 23 + 16 mm Hg with maximal pacing rate at 
baseline. Following bepridil, the left ventricular 
filling pressure increased from 11 + 4 mm Hg at 
rest to 18 + 7 mm Hg with maximal pacing. The 
left ventricular stroke work index decreased from 
58 + 12 at rest to 35 +11 g/m? with maximal 
pacing at baseline, and also decreased from 64 + 17 
to 38 + 10 g/m? with maximal pacing following 
bepridil. There was no significant change in heart 
rate, arterial blood pressure, right atrial pressure, 
pulmonary arterial diastolic pressure, systemic vas- 
cular resistance and/or left ventricular stroke work 
index after chronic bepridil therapy. Figure 2 
shows the left ventricular function curves at base- 
line and after bepridil. No deterioration of left 
ventricular function was observed following bepri- 
dil. 

Coronary hemodynamics and metabolic and 
neurohumoral effects: The coronary hemodynam- 
ics, myocardial metabolic response, and catechol- 
amine response to bepridil at control, submaximal 
and maximal pacing rates are shown in Figures 3 
and 4 and in Table I. As the pacing rate increased, 
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there was no significant change in rate—pressure 
product, myocardial oxygen consumption, and/or 
coronary sinus blood flow, myocardial oxygen extrac- 
tion, lactate extraction, or systemic and transmyo- 
cardial catecholamine balance following bepridil. 
Although 5 of 6 patients did not exhibit biochemi- 
cal evidence of ischemia, 1 patient with an ejection 
fraction of 17% developed net myocardial lactate 
production at submaximal (lactate extraction 
—47%) and maximal pacing rate (lactate extrac- 
tion — 11%); this was not observed following chronic 
bepridil therapy at the same pacing rate—blood 
pressure product. 

Anginal threshold: During our protocol, 3 pa- 
tients did not develop angina so no assessment 
could be made on anginal threshold (Table II). In 
patient 4, time to symptom development increased 
by 5 minutes following bepridil. Patient 2 achieved 
a higher pacing rate—blood pressure product as 
time to angina onset increased by 2 minutes. In 1 
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pacing rate 
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11 13 
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FIGURE 2. Effect of bepridil on left ventricular perfor- 
mance. Left ventricular function was not adversely af- 
fected by bepridil at rest or at increasing pacing rates. 
LVSWI = left ventricular stroke work index. 
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patient, there was no change. In another patient, 
angina occurred earlier following bepridil. 

Side effects: All patients tolerated bepridil 400 
mg daily for a 10-14-day period. None developed 
signs or symptoms of overt congestive heart failure 
or any other significant side effects. None of the 
patients required alteration in drug dose or discon- 
tinuance of study medication. 


DISCUSSION 

The results of the study demonstrate that chronic 
once-a-day oral bepridil HCI does not adversely 
affect systemic hemodynamics or left ventricular 
performance in patients with depressed left ventric- 
ular function. 

The increase in left ventricular filling pressure 
and concomitant decrease in left ventricular stroke 
work index during pacing indicate impairment in 
left ventricular pump function. However, following 
chronic bepridil treatment for 10-14 days, no 
deterioration in left ventricular function was ob- 
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FIGURE 4. Lactate extraction in 1 patient. Net myocardial 
lactate production at baseline during submaximal pacing 
rate (SMPR) and maximal pacing rate (MPR) changed to 
extraction following bepridil. C = control heart rate. 
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FIGURE 3. Effect of bepridil on coronary 
hemodynamics at control heart rate (C), 
submaximal pacing rate (SMPR), and 
maximal pacing rate (MPR). A-CSO, = 
arterial-coronary sinus oxygen content; 
CSBF = coronary sinus blood flow; 
MVO, = myocardial oxygen consump- 
tion; RPP = rate—pressure product. 


MPR 


served either at rest or during pacing stress. In- 
deed, there was a tendency to higher left ventricu- 
lar stroke work index at rest and at maximal pacing 
rate following bepridil therapy. The magnitude of 
increase in pulmonary capillary wedge pressure 
also tended to be less during atrial pacing, al- 
though these changes did not achieve statistical 
significance. The mechanism for preservation of 
left ventricular performance, despite the negative 
inotropic effects of bepridil, is not clear. Reduction 
in left ventricular outflow impedance as a result of 
vascular smooth-muscle relaxation by bepridil is a 
potential mechanism. Yet, there was no difference 
in arterial blood pressure or systemic vascular 
resistance after bepridil. Similar findings with re- 
spect to blood pressure and systemic vascular 
resistance have been reported after acute intrave- 
nous bepridil administration, 7814 as well as after 
chronic oral administration.® 

However, it needs to be emphasized that a 
reduction in left ventricular afterload can still 
occur with unchanged arterial pressure or systemic 
vascular resistance if there is a significant decrease 
in arterial stiffness or ventricular volume. In this 
study, changes in arterial compliance and/or left 
ventricular wall stress were not assessed. 

Increase in myocardial contractility as a func- 
tion of baroreflex activation of sympathoadrener- 
gic activity counterbalancing a direct negative ino- 
tropic effect of bepridil is an unlikely mechanism 
for preserved left ventricular function as blood 
pressure, circulating catecholamine levels, and 
transmyocardial catecholamine release were not 
altered by bepridil. 

Preservation of left ventricular function as a 
result of decreased myocardial ischemia is a possi- 
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TABLE I Effect of Bepridil on Myocardial Lactate Extraction and Catecholamine Balance* 










Lactate Arterial TMR Arterial TMR 
Extraction Norepinephrine Norepinephrine Epinephrine Epinephrine 
Beats/Minute (%) (pg/mL) (pg/mL) (pg/mL) (pg/mL) 






















Baseline Control 33.6 + 11.7 218 + 158 11,654 + 13,344 850 + 2,729 
SMPR 14.6 + 51.9 339 + 193 -79 + 1,423 69 + 61 163 + 218 
MPR 19.2 + 15.4 438 + 464 —474 + 2,475 84 + 64 —237 + 686 

Bepridil Control 34.8 + 11.7 229 + 140 8,567 + 9,486 19 + 20 —516 + 1,740 
SMPR 23.5 + 11.6 333 + 202 -39 + 215 42 + 30 -122 + 481 
MPR 8.4 + 9.3 375+ 118 96 + 108 53 + 41 —86 + 679 












*Results shown as + standard deviation; p is not significant for bepridil versus baseline. 





ble mechanism to explain our findings. Bepridil can 
relieve myocardial ischemia by reducing myocar- 
dial oxygen demand, i.e., by reducing rate—pressure 
product, contractility, and/or wall stress or by 
increasing myocardial oxygen supply by primary 


TMR = transmyocardial release; SMPR = submaximal pacing rate; MPR = maximal pacing rate. 





TABLE II Effect of Bepridil on Hemodynamic Parameters and 
Time to Angina 


Time to 
Angina 
(min) 


Pacing 
Rate 


Patient (beats/min) 


coronary vasodilation. There was no change in l Baseline 150 37.8 — 
rate-pressure product or in ventricular filling pres- Beprich 120 16:8 Ep 
s ege 2 Baseline 120 13.8 6 
sures in our study group. Although contractility Bepridil 140 ORE 5 
was not measured directly, hemodynamic evidence 3 Baseline 120 22.2 was 
of a negative inotropic effect of chronic bepridil Bepridil Pacer — = 
was not observed. Although our study group was eae 
small, bepridil did not produce a change in myocar- 4 Baseline 150 18.2 6 
dial oxygen consumption, global coronary sinus Bepridil 150 22.4 11 
blood flow, myocardial oxygen extraction, or myo- 5 one po A : 
° ° idi í 
cardial lactate extraction, as has been reported SER 
‘ P idil 14 H h ; 6 Baseline 150 17.7 9 
with intravenous bepridil. ence, no change in Bepridit 150 177 4 
myocardial oxygen demand/supply ratio could be 7 Baseline 150 24.8 = 
documented with our study method. Bepridil 138 19.3 “en 


Preservation of left ventricular function by bepri- 
dil may have resulted from selective redistribution 
of coronary blood flow to previously ischemic 
myocardium with attendant improvement of wall 
motion in those segments.'>-*! It is interesting to 
note that in 1 patient with a resting ejection 
fraction of 17%, net myocardial lactate production 
with pacing changed to extraction following bepri- 
dil, suggesting amelioration of myocardial ischemia 
in this patient (Figure 4). 

Study limitations: The major limitation of this 
study is the small sample size. However, our 
findings are corroborated by previous studies using 
intravenous bepridil. The other limitation in this 
study is the determination of coronary hemodynam- 
ics at baseline and then 10-14 days later following 
bepridil, where placement of the coronary sinus 
catheter is crucial in obtaining accurate results. 
However, in our protocol we placed the coronary 
sinus catheter into the midcoronary sinus under 
fluoroscopic guidance and position was confirmed 
by injection of contrast material. Reflux of arterial 
blood into the coronary sinus was carefully ex- 
cluded by monitoring temperature changes in the 


RPP = rate—pressure product (beats/min, mm Hg x 10-3). 


coronary sinus after injection of a cold saline bolus 
into the right atrium. This procedure was followed 
during the baseline period and following bepridil 
administration at each pacing rate. In addition, our 
method does not evaluate regional effects on coro- 
nary hemodynamics and myocardial metabolism. 
Hence, alteration of regional coronary blood flow 
could not be studied. 

In conclusion, despite its potential negative 
inotropic effects, bepridil does not exert deleteri- 
ous effects on hemodynamics or on left ventricular 
performance. Since once-daily oral bepridil was 
well tolerated by our patients, it may be a useful 
antianginal agent in patients with ischemic heart 
disease and depressed left ventricular function. 
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Bepridil is a calcium antagonist with a unique 
chemical composition and a long elimination half- 
life (42 hours). We evaluated the efficacy of be- 
pridil 300 mg once/day in a crossover compari- 
son with placebo in 45 patients with angina. 
Patients had an average of 7.6 anginal episodes/ 
week during the placebo baseline phase of the 
trial. After 4 weeks of bepridil therapy, anginal 
frequency decreased to 2.9 episodes/week 
(p <0.05). Likewise, mean nitroglycerin consump- 
tion declined from 7.4 tablets/week during the 
placebo baseline phase to 4.0 tablets/week dur- 
ing bepridil therapy (p <0.05). Statistically signif- 
icant increases over the previous period (placebo 
baseline or double-blind placebo) were seen in 
total exercise time, time to angina, and total 
work (p <0.05). During bepridil therapy, 13 of 45 
patients (29%) no longer experienced angina as 
an exercise end point despite the increase in 
work and exercise time. Bepridil significantly pro- 
longed both the QT and corrected QT (QT,) inter- 
vals; the mean increases were 10.0% and 5.6%, 
respectively. Side effects were reported with 
equal frequency in the placebo and bepridil arms 
of the trial, and no serious side effects were re- 
ported. In an intermediate fixed dose of 300 mg/ 
day, bepridil relieved anginal symptoms with few 
side effects. Bepridil appears to be a safe and 
effective treatment for stable angina. 

(Am J Cardiol 1992;69:37D—42D) 
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epridil hydrochloride (HCI) is a calcium 
B antagonist with selective blocking action on 

myocardial “slow” channels and thus has 
the potential for providing an antianginal effect.! 
Bepridil is unique among drugs of this class in that 
it inhibits the transmembrane influx of both cal- 
cium and sodium.» It also has a longer elimination 
half-life (42 + 12 hours on multiple dosing) than 
do other calcium antagonists, making it more 
convenient for patient use.* 

In dogs, the intravenous administration of bepri- 
dil lowers coronary vascular resistance and in- 
creases coronary blood flow. A modest dose- 
dependent bradycardia and reduction in arterial 
blood pressure were also observed in this species. 
Studies in animals indicate that bepridil does not 
impair and actually may improve restoration of 
blood flow to acutely ischemic myocardium.’ Lim- 
ited acute studies in patients with coronary artery 
disease support the animal data and suggest that 
bepridil may increase resting coronary blood flow.” 

Bepridil has been used to treat patients with 
chronic stable angina pectoris in clinical studies 
conducted in Europe and the United States." 
These studies have shown that 200-400 mg/day of 
bepridil significantly decreases the frequency of 
anginal attacks and nitroglycerin consumption, 
whereas exercise tolerance increases. Moreover, 
when taken concomitantly with propranolol, bepri- 
dil reduces symptoms of angina more than does 
propranolol alone.'° The purpose of this study was 
to evaluate the clinical efficacy of an intermediate 
dose of bepridil in patients with stable angina 
pectoris. 


MATERIALS AND METHODS 

After obtaining informed consent, 66 patients 
were enrolled in the study from 5 participating 
centers. All patients had a primary diagnosis of 
coronary artery disease and stable, moderately 
severe angina pectoris. Entry criteria included a 
history of typical angina pectoris provoked by effort 
and relieved by nitroglycerin and rest. A minimum 
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attack rate of 5 episodes of typical angina per week 
under conditions of ordinary living was required. 
Patients whose angina could not be controlled with 
sublingual nitroglycerin alone were excluded, as 
were those with any serious concomitant illness. 
The resting electrocardiograms (ECGs) in these 
patients were either normal or of such a pattern as 
not to interfere with the interpretation of ST- 
segment changes during anginal episodes. 

Study design: After an entry interview, physical 
examination, and routine laboratory examination, 
patients were treated in a 2-week placebo baseline 
phase (Figure 1) followed by 4 weeks of double- 
blind treatment with either bepridil 300 mg/day or 
an identical-appearing placebo (McNeil Pharma- 
ceutical, Spring House, PA). At the end of this first 
double-blind phase, patients were switched to the 
alternative medication for an additional 4 weeks. 
At the end of the 8-week, double-blind, crossover 
period, all patients entered a 3-week, single-blind, 
washout phase. 

Patients were evaluated weekly during the ini- 
tial 2-week placebo baseline period and at the end 
of each phase of the study thereafter. Patients were 
asked not to take their study medication on the 
morning of any visit day. Adherence to the dosing 
schedules was ensured by careful medication counts 
at each patient visit. 

Anginal frequency and nitroglycerin consump- 
tion were recorded in a diary that was evaluated by 
the investigators at each visit. The patients contin- 
ued to take sublingual nitroglycerin as needed for 
angina throughout the study. Concomitant medica- 


tions were maintained. Digitalis, B-adrenergic 
blocking agents, long-acting nitrates, and other 
calcium antagonists were not permitted. 

Clinical evaluations: Patients were encouraged 
to maintain their usual level of activity during the 
study. At the end of each study phase (baseline and 
weeks 6, 10, and 13), multistage treadmill exercise 
tests were performed using a modified Bruce proto- 
col.'® Total exercise time, time to angina, time to 1- 
and 2-mm ST-segment depression, and total work 
were recorded. 

At each level of exercise, heart rate, blood pres- 
sure, and amount of ST-segment depression were 
recorded. Rate—pressure product (heart rate x 
systolic blood pressure/100) was recorded before 
and immediately after exercise. All patients had 
reproducible ST-segment depression and angina 
during exercise in the initial placebo phase of the 
study. A significant ECG response was considered 
to be 1 mm of horizontal or downsloping ST- 
segment depression occurring 80 msec after the J 
point. 

Safety: At each visit, vital signs were taken and 
12-lead ECGs and clinical laboratory tests were 
performed; these data were compared with base- 
line values. Reports of adverse reactions were 
recorded and evaluated to determine whether each 
incident was related to study treatment. 

Statistical methods: The efficacy of bepridil 
was examined using the analysis of variance proce- 
dure for a crossover trial with a terminal washout, 
as outlined by Kershner and Federer." In applying 
this procedure, measurements recorded during the 





FIGURE 1. Study design: A 2-week placebo baseline phase was followed by 2 double-blind, crossover periods of 4 weeks 
each. All patients then entered a placebo washout phase. CE = clinical evaluation; ETT = exercise treadmill testing. 
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2 double-blind phases and the washout phase were 
used. The placebo baseline phase was used to 
verify qualification for entry into the study and for 
computing change from visit to visit. In addition, 
changes from the preceding phase were analyzed 
using paired ź tests. 

The anginal attack rate and nitroglycerin con- 
sumption data from the daily diary were summa- 
rized as follows: Estimated weekly rates for these 2 
variables were calculated for each phase of the 
study by averaging the available data for the last 7 
days of treatment in each phase and multiplying by 
7. This approach was taken because patients may 
have omitted filling out their diary during >1 of 
the study days in 1 week. Only the last portion of 
each study phase was utilized to compensate for 
any bias that could result from the long elimination 
half-life of bepridil. 

Vital signs and ECG data were also analyzed 
using the procedure outlined by Kershner and 
Federer.!’ For categorical data, comparisons be- 
tween drug groups (in the portion of patients 
exhibiting the characteristic under examination) 
were made using McNemar’s test. 

A 1-tailed ź test was used for all efficacy analyses 
comparing active drug with placebo, based on the 
alternative hypothesis that bepridil was better than 
placebo. Two-tailed ¢ tests were employed for all 
within-patient comparisons of efficacy parameters 
and no a priori assumption was made regarding 
which treatment group was better. 

Statistical significance was defined as p <0.05. 


RESULTS 

A total of 66 patients were enrolled in the study. 
Of these, 21 patients were excluded from efficacy 
analyses but were included in the safety analyses of 
this study. This group included 6 who failed to 
qualify for study entry, 4 who could not tolerate 





TABLE I Patient Demographic Data and Medical History 


Group 1 Group 2 
Bepridil Placebo 
Parameter — Placebo* — Bepridil* Total 


Number of patients 24 45 
Sex (male/female) 17/7 35/10 


Age (mean, yr) 60 
Median duration of angina (yr) i 4.0 
Previous coronary angiography 5 


Positive stress thallium-201 14 
imaging 
Prior coronary bypass 4 
*Bepridil — placebo = patients received bepridil treatment before placebo treatment 


in the double-blind portion of the trial; placebo — bepridil = patients received placebo 
treatment before bepridil treatment in the double-blind portion of the trial. 


placebo treatment during the placebo baseline, 
and 8 who were noncompliant or failed to meet 
scheduled appointments. One additional patient’s 
angina was deemed too severe for the patient to 
undergo the placebo washout phase. Two patients 
were hospitalized during the study: 1 had a myocar- 
dial infarction during the placebo baseline phase 
and 1 had coronary bypass surgery after completing 
the double-blind portion of the trial. 

Thus, 45 patients were included in the efficacy 
evaluations. During the first double-blind treat- 
ment period, 21 patients received bepridil and 24 
received placebo. The 2 groups were comparable in 
demographic characteristics and medical history 
(Table I). 

Frequency of anginal attacks and nitroglyc- 
erin consumption: The mean number of anginal 
attacks, and the mean nitroglycerin consumption 
per week, during the respective placebo and bepri- 
dil therapy periods are listed in Table II. Only data 
from the last week of each study phase were 
analyzed, owing to the long elimination half-life of 
bepridil. The number of anginal attacks during 
placebo baseline averaged 7.6 + 6.7 episodes/ 
week (mean + 1 standard deviation). After 4 weeks 
of therapy with bepridil, the frequency decreased 


TABLE II Anginal Frequency, Nitroglycerin Consumption and Exercise Performance 


Placebo 


Parameter Baseline 


7.6 + 6.7 
7.4+ 8.8 
7:9: £27 
§:9:+ 2.5 
5 L207 
6.2 + 3.4 
317 + 220 


Anginal frequency 

Nitroglycerin consumption (tablets/week) 
Total exercise time (min) 

Time to angina (min) 

Time to 1 mm ST-segment depression (min) 
Time to 2 mm ST-segment depression (min) 
Total work (KPM/ 100) 


RPP (HR x supine SBP/100) 
Preexercise 
Postexercise 


105 + 24 
223 + 52 
Values are mean + 1 standard deviation. 


*p <0.05 vs double-blind placebo. 
tp <0.05 vs preceding treatment phase (double-blind placebo or placebo baseline). 


Double-Blind Therapy 
Placebo 
Washout 


Bepridil Placebo 


2.9 + 4.8*F 
4.0 + 6.7t 
8.9 + 3.0t 
7.7: 23:37 
5.6+3.4 
6.1 + 4.0 
400 + 271T 


4.3 + 6.2 
5.9 + 8.7 
8.3 + 2.9 
6.7 + 2.6 
6.1+3.1 
6.9 + 3.8 
350 + 220 


4.4+6.0 
6.5 + 10.6 
B.7 Æ 3.0 
7.1+ 2.6 
6.4 + 3.4 
6.6 + 3.6 
385 + 249 


97 + 18*f 
211 + 49* 


107 + 28 
224 + 49 


103 + 22 
201 + 42 


KPM = kilopondmeters; HR = heart rate; RPP = rate—pressure product; SBP = systolic blood pressure. 
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Episodes of 
angina attacks/wk and 
TNG consumption/wk 


_Bepridil | Placebo | Placebo 
Double-blind washout 


Placebo 





baseline 


to 2.9+ 4.8 episodes/week. The difference be- 
tween double-blind bepridil and placebo was statis- 
tically significant (p = 0.05). After 3 weeks of 
subsequent placebo therapy in the washout phase 
of the study, the anginal frequency increased to 
4.4 + 6.0 attacks/week (difference was not signifi- 
cant vs placebo baseline and both double-blind 
phases; Figure 2). 

Mean nitroglycerin consumption was 7.4 + 8.8 
tablets/week during the placebo baseline phase. 
Within-patient comparisons of weekly nitroglyc- 
erin consumption demonstrated a significant 
(p <0.05) decrease to 4.0 + 6.7 tablets/week when 
bepridil therapy was compared with the preceding 
treatment (placebo baseline or double-blind pla- 
cebo; Figure 2). 

Exercise tolerance tests: Results of all exer- 
cise measurements are shown in Table II. Improve- 
ment from baseline occurred in both double-blind 
treatment groups for total exercise time, time to 
angina, time to 1-mm ST-segment depression, and 
total work. Except for time to 1 mm ST-segment 
depression, greater improvement was seen during 
bepridil therapy than during placebo administra- 
tion. Statistically significant increases from the 
previous placebo treatment were seen in total 
exercise time, time to angina, and total work 
(p <0.05) during bepridil treatment. A statistically 
significant difference between the 2 double-blind 
treatments was noted, favoring bepridil for time to 
angina (p <0.05). Small changes from baseline in 
time to 2 mm ST-segment depression were ob- 
served in both treatment groups, but neither the 
changes from baseline nor the differences between 
treatments were statistically significant. 

The reasons for termination of the exercise tests 
in the 45 patients evaluated for efficacy are shown 
in Table III. During the placebo baseline portion 





C] Angina 
TNG 
= Mean + SEM 


FIGURE 2. During bepridil treatment, 
the frequency of anginal attacks de- 


treatment phase (p <0.05). *p <0.05 vs 
preceding placebo treatment; tp <0.05 
vs double-blind placebo treatment. 


of this study, 42 patients suffered typical angina 
pectoris, which prompted termination of exercise. 
During bepridil therapy, 13 of 45 patients (29%) no 
longer experienced angina as an end point despite 
an increase in total work performed and exercise 
time on the treadmill. 

Vital signs: Throughout the study, little change 
was observed in supine and standing systolic and 
diastolic blood pressures, although mean supine 
diastolic blood pressure decreased from 80 mm Hg 
at baseline to 77 mm Hg during bepridil therapy; 
this decrease was significantly greater than that 
seen during double-blind placebo treatment 
(p <0.05). Statistically significant (p <0.05) differ- 
ences between treatments were seen in supine 
heart rates (73 and 70 beats/min for double-blind 
placebo and bepridil treatments, respectively) and 
Standing heart rates (79 and 74 beats/min for 
double-blind placebo and bepridil, respectively). 

Resting ECG: Resting ECG measurements are 
presented in Table IV. Resting heart rate de- 
creased significantly during bepridil therapy 
(p <0.05) when compared with double-blind pla- 
cebo treatment. Slight changes in the PR and ORS 
intervals were observed in both treatments and at 


TABLE Ill Reasons for Discontinuing Exercise 


Double-Blind Therapy 
__ Placebo 
Washout 


Placebo 
Baseline 


Reason 


Discontinued* Placebo 


Bepridil 





ST-segment 19 (42%) 6(13%) 11(24%) 10(23%) 
depression 

Anginal pain 42 (93%) 32(71%) 37(82%)  37(86%) 

Dyspnea 6 (13%) 8 (18%) 6 (13%) 6 (14%) 

Exhaustion 4 (9%) 14 (31%) 9 (20%) 8 (19%) 

Other 3 (7%) 4 (9%) 2 (4%) 3 (7%) 


*Patients could have more than one reason for discontinuance; values are numbers 
of patients. 
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TABLE IV Resting Electrocardiographic Measurements 


Double-Blind Therapy 
——— Placebo 
Washout 


Placebo 


Measurement Baseline Bepridil Placebo 


74+12 
159 + 30 
76+ 18 
389 + 46 
427 + 37 


tee 12 © bh eas 
171+27 168+ 21 

82+18 79+16 
386 + 37 428+ 49* 
419+28 445+ 47* 


*p <0.05 vs double-blind placebo. 
Values are mean + 1 standard deviation; bpm = beats/minute; msec = millisecond. 


Je x E. 
166 + 29 
81+ 14 
383 + 38 
417 + 45 


Heart rate (bpm) 
PR interval (msec) 
QRS interval (msec) 
QT interval (msec) 


QT, interval (msec) 


washout, but none was statistically or clinically 
significant. 

Statistically significant prolongations in both 
OT and corrected QT (QT.) intervals were ob- 
served during bepridil therapy (p <0.05 vs double- 
blind placebo). Two of 45 patients had a QT 
interval >440 msec during the placebo baseline 
and 9 of 45 patients had a QT, interval > 440 msec. 
With bepridil treatment, 11 of 45 patients had a 
OT interval >440 msec and 24 of 45 had a OT, 
interval > 440 msec. However, the mean increases 
in the QT and QT, intervals were 10.0% and 5.6%, 
respectively, when comparing bepridil therapy with 
previous placebo treatment. Both the mean QT 
and QT, measurements returned to baseline values 
during the washout phase. 

Safety analysis: No significant changes in rou- 
tine blood chemistry, complete blood cell count or 
urinalysis were noted during either treatment regi- 
men. 

There were no statistically significant differ- 
ences between the 2 double-blind medications in 
the incidence of any reported adverse reactions. A 
summary of the most commonly reported adverse 
reactions is shown in Table V. None of the side 
effects were of sufficient severity or duration to 
require discontinuance of therapy. 


DISCUSSION 

The results of this study parallel those of other 
reports indicating that bepridil 300 mg daily is an 
effective antianginal agent with few side effects 
during short-term treatment.'''’ Bepridil-treated 
patients reported a significant reduction (—62%) 
in the frequency of anginal episodes when com- 
pared with double-blind placebo treatment. Bepri- 
dil therapy reduced weekly nitroglycerin consump- 
tion significantly (—45%) when compared with 
preceding treatment (placebo baseline or double- 
blind placebo). The substantial, but not statistically 
significant, decreases in both anginal frequency 
and nitroglycerin use in placebo-treated patients 
during this trial suggest the presence of a placebo 





TABLE V Most Commonly Reported Adverse Reactions 
(Percentage of Patients) 


Bepridil 
(n = 56) 


Placebo 


Headache 
Dizziness 
Asthenia 
Nausea 
Diarrhea 
Nervousness 
Dyspnea 


effect that may have obscured the true efficacy of 
bepridil. 

Exercise tolerance was significantly improved 
when bepridil was compared with previous placebo 
treatment. Total exercise time increased by 13%, 
time to angina rose 31%, and total work performed 
improved by 26% during therapy with bepridil 
when compared with baseline placebo. No signifi- 
cant improvement over baseline values was noted 
with placebo treatment. Comparisons of the double- 
blind segments of this trial demonstrated a signifi- 
cant difference only for time to angina and may be 
related to the relatively small numbers of patients 
studied or to training effects. However, the improve- 
ments in exercise performance noted during bepri- 
dil therapy in this report are consistent with those 
reported in similar studies.'*!° 

This dose of bepridil frequently resulted in a QT 
and QT, interval >440 msec; however, the mean 
increases in these measurements over baseline 
placebo values were 10.0% and 5.6%, respectively. 
The potential arrhythmogenic effect of an agent 
that prolongs the QT interval has been evaluated 
by Somberg et al!8 and by Prystowsky.'? A more 
detailed report of the electrophysiology of bepridil 
appears in this symposium. 

Bepridil at a moderate fixed dose of 300 mg/day 
improved anginal symptoms with only a few mild 
side effects. Therefore, we conclude that bepridil is 
an effective and benign treatment for stable angina 
pectoris. 

Acknowledgment: The assistance of Cathryn 
D. Evans and Debra Carroll in preparing this 
manuscript is greatly appreciated. 
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Comparative Efficacy of Bepridil Versus Placebo 
in Angina Pectoris: Treatment and Withdrawal 
Studies 


William Shapiro, MD 





The efficacy and safety of once-daily doses of 
200, 300, and 400 mg of bepridil hydrochloride 
were compared with placebo in a 14-week multi- 
center, double-blind parallel study. All doses of 
bepridil significantly reduced weekly anginal at- 
tacks and nitroglycerin consumption from base- 
line levels. Bepridil also significantly improved 
total exercise time, time to angina, time to 1 mm 
ST-segment depression, and total work. Reduc- 
tion in heart rate (maximum mean decreases of 
7-8 beats/min) and prolongation of QT and cor- 
rected QT (QT.) intervals were associated with 
bepridil therapy. Bepridil was well tolerated; most 
adverse reactions reported were mild and tolera- 
ble even at the 400-m¢g dose. This study provides 
strong support for the use of bepridil in patients 
with chronic stable angina pectoris that is not 
optimally controlled by other available antiangi- 
nal therapies. A double-blind withdrawal study is 
also reported, in which patients stabilized on be- 
pridil were randomized to either continue on be- 
pridil therapy or receive placebo. Patients who 
were withdrawn from bepridil therapy showed sig- 
nificant increases in the number of weekly angi- 
nal attacks and nitroglycerin consumption com- 
pared with levels seen during long-term 
treatment. Patients withdrawn from bepridil ther- 
apy showed significant deterioration in exercise 
tolerance compared with baseline and with those 
maintained on bepridil. 

(Am J Cardiol 1992;69:43D—49D) 
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r l The development of calcium antagonists rep- 
resents an important milestone in cardiovas- 
cular pharmacology.!-° The various calcium 

antagonists are chemically unrelated, with diverse 

pharmacologic and pharmacokinetic actions and 
adverse effect profiles.*° Bepridil hydrochloride 

(HCl) shares the calcium antagonist properties of 

other calcium antagonists, but it differs from other 

available agents in some important aspects. It is 
lipophilic, with an elimination half-life on repeat 
dosing of 42 + 12 hours,®’ making it suitable for 

once-a-day dosing. Bepridil also appears to have a 

different electrophysiologic profile from that of the 

other calcium antagonists, in that it prolongs the 
refractory periods of the atria, ventricles, and 

His-Purkinje system.*!! 

Extensive clinical experience, both in the United 
States and Europe, has established the safety and 
efficacy of bepridil in patients with chronic stable 
angina.!?3 This article reviews the findings of 1 of 
the pivotal US trials, which established the safety 
and efficacy of bepridil compared with placebo 
with once-a-day administration at doses of 200—400 
mg.!° The results of a trial examining the effects of 
blinded withdrawal from bepridil therapy, which 
provide additional support for its efficacy, are also 
discussed.'” 


COMPARATIVE EFFICACY OF DIFFERENT 
BEPRIDIL DOSES 

The comparative safety and efficacy of bepridil 
were evaluated in a 14-week, multiclinic trial of 178 
patients with chronic stable angina.'® Patients were 
randomized in double-blind parallel fashion to 
single daily doses of 200, 300, or 400 mg of bepridil 
or placebo. Patients were encouraged to maintain 
their usual level of activity, and they recorded the 
frequency of angina attacks and number of nitro- 
glycerin tablets consumed in a daily diary that was 
evaluated at each visit by the investigator. 

At baseline and every 4 weeks during the 
blinded phase of the trial, exercise tolerance test- 
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mg bepridil - once/day dosing 


300-mg bepridil - once/day dosing 
200-mg bepridil - once/day dosing 


Placebo 


Placebo 
12 weeks 


Baseline 


ANI 7 2 
12-lead ECG e 


ing was performed and vital signs and electrocardio- 
graphic findings were recorded (Figure 1). Because 
of bepridil’s relatively long half-life, treadmill exer- 
cise tests were conducted 24 hours after dosing. 
This testing, which was somewhat more vigorous 
than that commonly used in other studies of 
antianginal drug efficacy, consisted of a modified 
Bruce protocol carried to either moderately severe 


TABLE I Patient Demographics 


Bepridil 


Placebo 200mg 300mg 400mg 


Patients (n) 45 43 46 44 
Sex (m/f) 39/6 40/3 40/6 38/6 
Race (w/b/o) 37/5/3 + 36/7/0 + 41/5/0 40/4/0 
Age (yr) 
Mean 
Range 
Weight (Ib) 
Mean 
Range 


58.3 
34-81 


62.1 
39-84 


60.6 
43-80 


61.7 
34-77 


186.6 185.6 181.4 169.5* 
116-309 138-270 127-266 121-231 


Years with angina 
Mean 6.9 5.9 2 5.8 


Range 0.1-31.1 0.2-23.1 0.1-28.2 0.1-25.6 
History 
Myocardial infarction 20 22 26 12 
Coronary artery bypass 8 8 12 10 
graft surgery 
w/b/o = white, black, other. 


*Significantly different from placebo and 200 mg group, p < 0.05. 
Adapted from Am J Cardiol. +6 








FIGURE 1. Study design for 14-week, 
multticlinic trial of comparative safety 
and efficacy of bepridil versus placebo 
in 178 patients with chronic stable an- 
gina. ECG = electrocardiogram; 

ETT = exercise tolerance testing. 
(Adapted from Am J Cardiol.**) 


angina or 2 mm ST-segment depression or both. 
Clinical laboratory tests (hematology, serum chem- 
istry, and urinalysis) were performed as part of the 
safety evaluation, along with recording of patients’ 
reports of adverse reactions. 

As shown in Table I, the patients represented a 
relatively homogeneous population. However, mean 
weight was significantly lower in the 400 mg bepri- 
dil group compared with the 200 mg and placebo 
groups. The anginal syndrome was also more 
Severe in the patients randomized to 400 mg of 
bepridil. Patients in all groups were generally 
severely impaired; mean anginal attack rates were 
> 8 per week in each group (Table II). 

Subjective efficacy assessments: The fre- 
quency of weekly anginal attacks was consistently 
lower in patients receiving bepridil than in those 
receiving placebo (Figure 2). Compared with base- 
line values, there were significant (p < 0.001) 
decreases in angina attacks per week for all doses 
of bepridil at all visits. Reporting of anginal attacks 
in patients’ daily diaries indicated that bepridil had 
a relatively rapid onset of action (Figure 3). A 
small decrease in the daily anginal attack rate was 
noted after 1 day. After 2 days of therapy, there 
was a Statistically significant (p <0.01) difference 
between bepridil and placebo in the reported 


TABLE Il Baseline Efficacy Parameters . 


Bepridil 


Placebo 





Anginal attacks/wk 8.4+ 10.3 


NTG tablets/wk 6.4 + 8.4 
Treadmill results 
Total work (KPM/ 1,000) 3.0 + 2.3 
Total exercise time (min) 7.1+3.0 
Time to onset of angina (min) 5.4 + 2.7 


300 mg 






11.9+ 12.5 10.1 + 7.9 12.2 + 10.4 
Link = Ts.) 6.1 + 7.4 11.2 + 10.5 
3.00+ 1.8 28 22:0 2:2.% 15 
a3 & 2:5 6.9 + 3.1 6.4 + 2.7 
5:3. + 2.0 48+2.4 44+2.2 


KPM = kilopondmeters; NTG = nitroglycerin. 
Adapted from Am J Cardiol. 16 


44D THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 APRIL 9, 1992 


number of angina attacks; this difference reached a 
maximum at 3 days. Placebo treatment produced a 
trend toward increased attacks after the first treat- 
ment day. 

A decrease in nitroglycerin use in bepridil- 
treated patients was clearly dose related and consis- 
tently greater than with placebo (Figure 4). Within- 
group comparisons showed statistically significant 
changes from baseline (p <0.01) for all bepridil 
doses at all visits. Decreases were significantly 
different from placebo for bepridil 200 and 400 mg 
at week 4 (p <0.01) and at week 12 (p <0.05) and 
for 300 mg at week 4 (p = 0.05). 

Objective efficacy assessments: The effects 
of bepridil versus placebo on exercise tolerance 
parameters are shown in Figure 5. There were 
significant improvements from baseline values in 
the bepridil groups at all evaluations (p <0.05) for 
total exercise time, time to angina, time to 1 mm 
ST-segment depression, and total work. A statisti- 
cally significant linear dose response was seen at all 
visits for total exercise time (p <0.01), at weeks 4 
and 12 for total work (p <0.05), and at week 12 for 
time to angina (p <0.01). 

Patients receiving 400 mg of bepridil had signifi- 
cantly longer times to angina compared with the 
placebo group at 4, 8, and 12 weeks; patients in the 
300 mg bepridil group had significantly longer 
times to angina than placebo patients at 4 and 8 
weeks. Similarly, total exercise times were signifi- 
cantly increased for patients receiving 300 or 400 
mg of bepridil compared with the placebo group. 
The differences from placebo in time to 1 mm 
ST-segment depression were slight at weeks 4 and 
8, but after 12 weeks both the 300 and 400 mg 
bepridil treatment groups had significantly 
(p = 0.05) longer times to 1 mm ST-segment de- 
pression than placebo. Approximately 40 patients, 
represented by equal numbers in each treatment 
group, developed 2 mm ST-segment depression. At 
12 weeks, the patients’ ability to exercise before 
onset of 2 mm ST-segment depression was statisti- 
cally significantly prolonged compared with pla- 
cebo for all active treatment groups. Total work 
showed similar improvements, particularly in the 
groups receiving 300 or 400 mg of bepridil. 

Safety assessments: Heart-rate depressions 
were documented at all dosages of bepridil, with 
the greatest magnitude of change (mean decreases 
of 7-8 beats/min) in the 400 mg group (Table II). 
The 400 mg group also had a slightly greater 
prolongation of QT and corrected QT (QT,) inter- 
vals compared with the other active treatment 
groups (Table IV). The magnitude of the changes 











(increases of 30-40 msec for both QT and OT, 
intervals) was relatively small. 

In general, most adverse reactions reported 
during the study were mild and tolerable, even at 
doses of up to 400 mg of bepridil. No significant 


© Placebo 
Bepridil: 


0 200 mg 
e 300 mg 
m 400 mg 


-10 
Baseline 


FIGURE 2. Mean change from baseline in number of 
weekly anginal attacks. *Significant difference from pla- 
cebo, p <0.05; jsignificant difference from placebo, 

p <0.01L (Adapted from Am J Cardiol.**) 
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III Placebo 
E Bepridil Mean change 
from baseline 
in daily 
angina attacks 


FIGURE 3. Mean change from baseline in daily anginal at- 
tacks. *Significant difference from placebo, p <0.01.74 
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same number of patients were evaluated at each visit for 
n consu as for the frequency of anginal 
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© Placebo 
Bepridil: 

o 200 mg 
e 300 mg 
E 400 mg 





P (29) 


© Placebo 
Bepridil: 

o 200 mg 
e 300 mg 
= 400 mg 


0 
Baseline 


© Placebo 
Bepridil: 
o 200 mg 
e 300 mg 
Change = 400 mg 


(Kpm/1,000) 


0 . 
Baseline 





arrhythmias were seen at any dosage. A higher 
percentage of bepridil-treated patients reported 
adverse effects, principally involving the gastrointes- 
tinal and central nervous systems, than did those 
receiving placebo (Table V). The highest percent- 
ages generally occurred in the 400-mg_ bepridil 
group. Nine of the 140 patients completing the 
study had to be discontinued because of adverse 
effects (Table VI). One patient who received 200 
mg of bepridil experienced a dramatic prolonga- 
tion of the QT, interval and withdrew from double- 
blind therapy. The dose was reduced to 100 mg 





o Placebo 
Bepridil: 

o 200 mg 
e 300 mg 
= 400 mg 


Change 
(min) 


0 . 
Baseline 


o Placebo 
Bepridil: 

o 200 mg 
e 300 mg 
m 400 mg 


0 
Baseline 


FIGURE 5. Mean change from baseline in exercise toler- 
ance test A, time to angina. B, total exercise 
time. C, time to 1 mm ST-segment depression. D, time to 2 
mm ST-segment depression. E, total work. Approximately 
the same number of patients were evaluated at each visit 
for total exercise time and total work as for the 

of angina attacks (see Figure 2). *Significant difference 
from placebo, p <0.05; ;significant difference from pla- 
cebo, p <0.01. (Adapted from Am J Cardiol.**) 


during open therapy, and the QT. interval re- 
turned to normal. 

In summary, bepridil therapy was both safe and 
effective compared with placebo when given once 
daily in dosages of 200-400 mg. There was no 
evidence of intolerance to bepridil. The higher 
dosages, which tended to be more efficacious for 
most patients, were also generally well tolerated. 
Bepridil relieved symptoms of angina at dosages of 
200-400 mg/day, and it significantly improved 
exercise tolerance compared with placebo at dos- 
ages of 300-400 mg/day. 
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TABLE ill Electrocardiographic Assessments of Bepridil 200, 
300, and 400 mg and Placebo 


Mean Change 


Baseline Final Visit 
Resting heart rate (beats/min) 

Placebo 

Bepridil 200 mg 

Bepridil 300 mg 

Bepridil 400 mg 


PR interval 
Placebo 
Bepridil 200 mg 
Bepridil 300 mg 
Bepridil 400 mg 


QRS interval 
Placebo 
Bepridil 200 mg 
Bepridil 300 mg 
Bepridil 400 mg 


*Significant difference from baseline, p < 0. 
tSignificant difference from baseline, p < 0. 
Adapted from Am J Cardiol. 15 





BEPRIDIL WITHDRAWAL STUDY 

Additional support for the antianginal efficacy 
of bepridil was provided by the results of a multi- 
center, double-blind parallel trial that examined 
the effects of blinded withdrawal from bepridil 
therapy in patients previously stabilized on the 
agent for at least 9 months (Figure 6).'” Patients 
initially received bepridil on an open-label basis for 
periods of 9-22 months (mean duration 15 months); 
33 patients were then randomized to receive bepri- 
dil or placebo on a double-blind basis for 4 weeks. 
Patients in the bepridil group maintained the same 
dose of the drug on which they had been stabilized 
prior to study entry (mean dose 320 mg/day). 

Efficacy assessments: Exercise tolerance test- 
ing was performed at baseline before randomized 
administration of active drug or placebo (week 0) 
and at the end of the study (week 4). There was a 
significant deterioration in exercise tolerance in 
patients withdrawn from bepridil. Mean decreases 
in time to angina, total exercise time, total work, 
and time to 1 mm ST-segment depression were 
significant in the placebo group compared with 
baseline (p <0.001) and compared with the rela- 
tive stability of these parameters in the bepridil 
group (p <0.01; Table VII). 

The mean number of anginal attacks per week 
and the mean weekly nitroglycerin consumption in 
patients withdrawn from bepridil to receive pla- 
cebo were statistically significantly (p <0.05) 
greater at both 2 and 4 weeks after drug withdrawal 
compared with their levels for these parameters 
during long-term treatment (Table VIII).** The 
patients who were maintained on bepridil had no 














TABLE IV Effects on QT and QT, Intervals 


Baseline 
Mean 


QT interval 


Placebo 0.38 —0.003 
Bepridil 200 mg 0.38 0.043* 
Bepridil 300 mg 0.38 0.038* 


Bepridil 400 mg 
QT, interval 





Placebo 0.42 —0.005 

Bepridil 200 mg 0.41 0.032* 
Bepridil 300 mg 0.41 0.027* 
Bepridil 400 mg 0.42 0.036* 


*Significant difference from baseline, p < 0.01. 
Adapted from Am J Cardiol. 16 


TABLE V Most Common Adverse Effects (% Patients) 
Bepridil 


Placebo 
% (n = 45) 


200 mg 
% (n = 43) 


300 mg 
% (n = 46) 


400 mg 
% (n = 44) 


Asthenia 

Nervousness 

Dizziness 

Dyspepsia 

Diarrhea 

Nausea 7.0 


Adapted from Am J Cardiol. 16 


TABLE VI Discontinuance Due to Adverse Effects 


Patients 
Complaint (n) 









Bepridil 








Lightheadedness 

Syncopal episode 

Numerous nonspecific 
complaints 


Adapted from Am J Cardiol. *® 


QT. prolongation l 

300 mg Nausea 1 
Diarrhea and anorexia l 

Bigeminy 1 

400 mg Weakness and tremor 2 
l 

l 

l 





Bepridil 
once/day dosing 


4 weeks 


Bepridil 


Placebo 


4 weeks 





FIGURE 6. Study design for multiclinic, double-blind paral- 
lel trial to evaluate the effects of withdrawal of bepridil in 
patients previously stabilized on the agent for at least 9 
months. 
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TABLE VII Mean Exercise Tolerance Test Performance 


Bepridil 
(n = 16) 


Placebo 
(n = 17) 


Final 
Mean 


Baseline 
Mean 


Final 
Mean 


Baseline 


ETT Parameter Mean 


Time to angina Dee PO £2.27" 89+ 26 
(min) 

Total exercise time 8.6 + 2.1 
(min) 

Time to 1 mm ST 
dep (min) 

Total work (KPM/ 


1,000) 


8.52 2:1* 9.5+2.4 


ie eet f.8 & 2.0* 


30 2 16.3.7 + 1,5* 


*Significant difference from piacebo, p <0.01. 
dep = depression; ETT = exercise tolerance test; KPM = kilopondmeters. 
Adapted from Am J Cardiol. 1® 


significant change in weekly anginal attacks com- 
pared with their results for these parameters dur- 
ing the open-label study; however, there was a 
significant (p = 0.02) increase in weekly nitroglyc- 
erin consumption at week 2 for these patients. In 
addition, the number of anginal attacks was signifi- 
cantly greater in the placebo group than in the 
bepridil group at weeks 2 and 4. Nitroglycerin 
consumption was also significantly greater in the 
placebo group than in the bepridil group at week 2. 

Safety assessments: Heart rate tended to 
remain stable in the bepridil group, but increased 
significantly (p = 0.02) in those switched to pla- 
cebo. The QT interval was significantly (p = 0.0001) 
shortened by week 2 in patients withdrawn from 
bepridil relative to baseline values, but did not 
change in patients who were maintained on bepri- 
dil. Approximately the same percentages of the 
bepridil and placebo groups reported adverse reac- 
tions (50% and 53%, respectively). No patient 
discontinued treatment prematurely because of an 
adverse reaction.*4 

In summary, this withdrawal efficacy study dem- 
onstrated the long-term antianginal efficacy and 
safety of bepridil. Patients withdrawn from bepridil 
showed significant deterioration in exercise toler- 
ance compared with those on bepridil. In addition, 
the frequency of weekly anginal attacks and weekly 
nitroglycerin consumption increased significantly 
in this group. There were no significant differences 
in the safety or tolerability of bepridil compared 
with placebo. 


DISCUSSION 

Both the large clinical trial comparing the rela- 
tive efficacy of different doses of bepridil and the 
efficacy withdrawal trial confirm that bepridil im- 
proved symptoms of angina as well as objective 
parameters of ischemia. These studies complement 





TABLE VIII Bepridil Withdrawal Study: Changes in Weekly 
Anginal Attacks and Weekly Nitroglycerin Consumption 


Within- 
Group 
p Value 


Mean 


Treatment Week Change 


Angina attacks 
Bepridil 


Placebo 


Nitroglycerin consumption 
Bepridil 


Placebo 


other reports!® supporting the use of bepridil in 
patients with chronic stable angina pectoris that is 
less than optimally controlled by other available 
antianginal therapies. 

Bepridil has several important clinical benefits. 
One of the most important is its long plasma 
half-life, which allows for once-a-day dosing. In the 
comparative dosage study, patients underwent ex- 
ercise tolerance testing without taking their usual 
dose of study medication on the morning when 
testing was done. Since the results are based on 
minimal steady-state levels, they confirm the long- 
lasting antianginal effects of bepridil. Another 
advantage is bepridil’s onset of action, which is 
clinically evident within 1-2 days after starting 
treatment. 

Bepridil at 200-400 mg once daily safely and 
effectively reduces angina, and at 300-400 mg it 
significantly improves exercise tolerance compared 
with placebo. There is a significant linear dose— 
response to bepridil therapy for most efficacy 
parameters. Adverse effects also appear to be 
dose-related. Consequently, when bepridil is indi- 
cated, it would appear prudent to initiate therapy 
at lower doses of 200 mg/day, gradually titrating 
upward (to a maximum of 400 mg/day) as neces- 
sary to achieve optimal therapeutic control. 


REFERENCES 

1. Zsoter TT, Church JG. Calcium antagonists: pharmacodynamic effects and 
mechanisms of action. Drugs 1983;25:93-112. 

2. Hoffman BF. Calcium antagonists: the state of the art and role in cardiovas- 
cular disease. In: Symposia on Frontiers of Pharmacology. Philadelphia: Col- 
lege of Physicians of Philadelphia, 1983:3-6. 

3. Allen JC. The current status of the mechanism of the calcium channel 
antagonists. Prog Cardiovasc Dis 1982;25:133-140. 

4. Kates RE. Calcium antagonists: pharmacokinetic properties. Drugs 1983;25: 
113-124. 

5. Lewis JG. Adverse reactions to calcium antagonists. Drugs 1983;25:196-222. 
6. Benet LZ. Pharmacokinetics and metabolism of bepridil. Am J Cardiol 
1985;55(suppl):8C-13C. 

7. Gill A, Flaim SF, Damiano BP, Sit SP, Brannan MD. Pharmacology of 
bepridil. Am J Cardiol 1992;69(suppl):11D-16D. 


48D THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 APRIL 9, 1992 


8. Schwartz A, Matlib A, Balwierczak J, Lathrop DA. Pharmacology of cal- 
cium antagonists. Am J Cardiol 1985;55(suppl):3C-7C. 

9. Singh BN, Nademanee K, Feld G, Piontek M, Schwab M. Comparative 
electrophysiologic profiles of calcium antagonists with particular reference to 
bepridil. Am J Cardiol 1985;55(suppl):14C—19C. 

10. Brannan MD, Fortunato MA, Ash C, Flaim SF. Bepridil (calcium blocker) 
increases ventricular fibrillation threshold in dog heart (abstr). Fed Proc 1983;42: 
1345. 

11. Marshall RJ, Muir AW, Winslow E. Effects of antiarrhythmic drugs on 
ventricular fibrillation thresholds of normal and ischaemic myocardium in the 
anaesthetized rat. Br J Pharmacol 1983;78:165-171. 

12. Canicave JC, Deu J, Lesbre FX. Bepridil: an original conception for an 
antianginal open trial in 99 coronary patients. Lyon Med 1980;243:107-109. 

13. Canicave JC, Deu J, Jacq J, Paillet R. A new antianginal drug, bepridil: 
efficacy estimation by exertion during a double-blind test against a placebo. 
Therapie 1980;35:607-612. 

14. Narahara KA, Shapiro W, Weliky I, Park J. Evaluation of bepridil, a new 
antianginal agent: clinical and hemodynamic alterations during the treatment 
of stable angina pectoris. Am J Cardiol 1984;53:29-34. 

15. Hill JA, O’Brien JT, Scott E, Conti CR, Pepine CJ. Effects of bepridil on 
exercise tolerance in chronic stable angina: a double-blind, randomized, placebo- 
controlled, crossover trial. Am J Cardiol 1984;53:679-683. 

16. Shapiro W, DiBianco R, Thadani U, and other members of the Bepridil 
Collaborative Study Group. Comparative efficacy of 200, 300 and 400 mg of 


bepridil for chronic stable angina pectoris. Am J Cardiol 1985;55(suppl):36C-— 
42C. 

17. DiBianco R, Katz RJ, Chesler E, Alpert JS, Spann JF. Long-term efficacy 
of bepridil in patients with chronic stable angina pectoris: results of a multi- 
center, placebo-controlled study of extended bepridil use. Am J Cardiol 1985; 
55(suppl):50C-54C. 

18. Singh BN for the Bepridil Collaborative Study Group. Comparative effi- 
cacy and safety of bepridil and diltiazem in chronic stable angina pectoris 
refractory to diltiazem. Am J Cardiol 1991;68:306-312. 

19. DiBianco R. Bepridil treatment of chronic stable angina: a review of 
comparative studies versus placebo, nifedipine and diltiazem. Am J Cardiol 
1992;69(suppl):56D-62D. 

20. Frishman WH. Comparative efficacy and concomitant use of bepridil and 
B blockers in the management of angina pectoris. Am J Cardiol 1992;69(suppl): 
50D-55D. 

21. Narahara KA. Hemodynamic effects of bepridil in patients with coronary 
artery disease. Am J Cardiol 1992;69(suppl):17D-24D. 

22. Singh BN. Safety profile of bepridil determined from controlled clinical 
trials in chronic stable angina in the United States. Am J Cardiol 1992;69(suppl): 
68D-74D. 

23. Zusman RM, Christensen DM, Higgins J, Boucher CA. Effects of antiangi- 
nal therapy on left ventricular systolic and diastolic performance: Comparison 
of the response to bepridil, propranolol and diltiazem. Am J Cardiol 1992; 
69(suppl):25D-30D. 

24. Data on file, McNeil Pharmaceutical. 


A SYMPOSIUM: MANAGEMENT OF ANGINA PECTORIS 49D 
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Bepridil and Beta Blockers in the Management 
of Angina Pectoris 
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The efficacy and safety of bepridil hydrochloride 
(HCI) and propranolol HCI monotherapy were in- 
vestigated in a double-blind, parallel-group cross- 
over study in 75 patients with chronic stable an- 
gina pectoris. For the first double-blind segment, 
both drugs reduced the frequency of weekly angi- 
nal attacks and nitroglycerin consumption. On 
exercise testing, bepridil was significantly more 
effective in terms of increasing time to angina 
and total work. Heart rate and ST-segment de- 
pression decreased to a greater degree with pro- 
pranolol than bepridil. Bepridil produced a 
greater increase in QT interval than propranolol; 
corrected QT (QT,) interval was increased by be- 
pridil and slightly decreased by propranolol. The 
incidence of adverse effects was roughly compa- 
rable for the two active drugs and higher than 
that for placebo during washout periods. It was 
concluded that bepridil, at a mean maintenance 
dosage of 324 mg/day, was at least as effective 
as propranolol in improving exercise tolerance— 
specifically time to angina and total work—and 
that tolerability of the 2 drugs was comparable. 
In another study, the efficacy and safety of bepri- 
dil combined with propranolol were compared 
with that of placebo plus propranolol in 56 pa- 
tients who had not been well controlled on pro- 
pranolol alone. The addition of bepridil signifi- 
cantly reduced the frequency of anginal attacks 
and weekly nitroglycerin consumption compared 
with baseline. The combination of propranolol 
and bepridil also produced significant improve- 
ments in total exercise time, time to angina, and 
total work compared with baseline. The QT, inter- 
val increased significantly from baseline in the 
bepridil combination group and decreased signifi- 
cantly in the propranolol plus placebo group. The 
overall incidence of adverse effects was signifi- 
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cantly higher in patients given bepridil plus pro- 
pranolol, but there were no significant differ- 
ences between groups in individual adverse 
reactions. Overall, the addition of bepridil to pro- 
pranolol appeared to have an antianginal advan- 
tage over propranolol alone. 

(Am J Cardiol 1992;69:50D—55D) 


B-adrenergic receptor blocking agents in mak- 

ing important pharmacotherapeutic advances 
in the management of angina pectoris. These 2 
categories of drugs have different, and potentially 
complementary, mechanisms of action.!? Both 
B-blocking agents and calcium antagonists improve 
exercise tolerance and reduce the frequency of 
anginal attacks by reducing myocardial oxygen 
consumption at rest and during exercise.’ In addi- 
tion, calcium antagonists address the problem of 
increased coronary vascular tone associated with 
acute myocardial ischemia by inhibiting transmem- 
brane ion influx, which is necessary for cardiac and 
smooth muscle contraction.** 

The hemodynamic and electrophysiologic ef- 
fects of the available antianginal agents vary, and 
patients may respond more favorably to one agent 
than to another. In addition to differences between 
B blockers and calcium antagonists, the individual 
calcium antagonists have been shown to differ in 
terms of their effects on heart rate, myocardial 
contractility, atrioventricular nodal conduction, and 
actions on the sinoatrial node. Because of their 
varying effects and mechanisms of actions, the 
various calcium antagonists must be viewed as 
separate entities. 

The long-acting calcium antagonist, bepridil 
hydrochloride (HCl), appears to be unique among 
this group of agents. In addition to its ability to 
relax vascular smooth muscle, bepridil prolongs the 
effective refractory periods of the atria, ventricles, 
and the His-Purkinje system.’”? Although it is 
classified as a calcium antagonist, bepridil does not 


n recent years, calcium antagonists have joined 
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appear to reduce peripheral vascular resistance as 
readily as do the other calcium antagonists, nor 
does it have potent antihypertensive effects. Bepri- 
dil appears to rely on a combination of small 
variations in heart rate, afterload, and contractility 
and/or wall tension for its effects in reducing 
myocardial work. It clearly increases myocardial 
perfusion by causing coronary vasodilation. 

Physicians can combine agents with different 
hemodynamic characteristics to maximize antiangi- 
nal efficacy.!”!! Combination antianginal therapy 
with calcium antagonists plus nitrates or B block- 
ers, or possibly even other calcium antagonists, 
may be more efficacious than monotherapy. It has 
been proposed that combination treatment may 
allow the use of smaller doses of both agents than if 
either is used alone. However, it is important to 
select and observe patients undergoing multidrug 
therapy carefully, since adverse reactions may be 
more frequent or severe compared with monother- 
apy. 10:1! 

The results of several placebo-controlled clini- 
cal trials have confirmed that bepridil can provide 
significant relief of symptoms of pain in patients 
with chronic stable angina pectoris,!*"!© and its 
efficacy compares favorably with that of proprano- 
lol.!7!8 Considering the different and potentially 
complementary hemodynamic effects of these 2 
agents, the possibility of a beneficial interaction 
between them deserves exploration. In this article, 
the design and results of 2 pertinent studies are 
summarized. The first is a preliminary report of a 
trial comparing monotherapy with propranolol ver- 
sus bepridil; the second describes the results of a 
study comparing combined placebo and proprano- 
lol versus bepridil and propranolol.!? 


PROPRANOLOL VERSUS BEPRIDIL 
MONOTHERAPY 

In a multiclinic, double-blind, crossover study 
designed to compare bepridil with propranolol in 


PHONO mg bepridil 








TABLE I Patient Demographics (Mean Data) 


Bepridil to 
Propranolol 


Propranolol to 
Bepridil 


Patients (n)* 37 32 

Sex (m/f) 35/2 30/2 

Mean age (yr) + SD 59.2 + 7.42 58.2 + 9.45 

Mean angina at- 9.67 + 11.28 10.19 + 8.66 
tacks/wk + SD 

Mean NTG consump- 
tion/wk (0.3 mg) + 
SD 


*Efficacy analysis limited to 69 patients (of 75 enrolled). 
n = number of patients; NTG = nitroglycerin; SD = standard deviation. 


4.85 + 6.69 4.28 + 6.41 


patients with chronic stable angina pectoris, 75 
patients initially received placebo for 2 weeks 
(Figure 1). They were then randomized to receive 
either bepridil or propranolol for 7 weeks. Follow- 
ing a 3-week placebo-withdrawal period, patients 
were crossed over to the opposite active drug. 
Conventional dose ranges of both drugs were used. 
Patients were started on either 200 mg of bepridil 
once daily or 20 mg of propranolol 4 times daily, 
and doses were increased as necessary to a maxi- 
mum dose of bepridil, 400 mg/day (mean mainte- 
nance dose 324 mg/day) or propranolol, 320 mg/ 
day (mean maintenance dose 174 mg/day). 

The efficacy analyses for this study were prima- 
rily limited to an analysis of only the first double- 
blind study segment because the statistical assump- 
tions necessary to combine data from both arms of 
the crossover could not be fulfilled. Therefore, 
efficacy data from only 37 patients who received 
bepridil and 32 patients who received propranolol 
were included in the analyses. 

Effects on baseline efficacy parameters: Pa- 
tients were predominantly middle-aged men who 
had 9-10 anginal attacks per week and used 4-5 
nitroglycerin tablets weekly (Table I). Table II lists 
mean changes in efficacy parameters compared 
with baseline values. Both drugs reduced weekly 
anginal attacks and nitroglycerin consumption. Be- 


200-400 mg bepridil 
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stable angina pectoris. DD = daily diary (anginal attacks, nitroglycerin use); ETT 


= exercise t 
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TABLE If Mean Changes from Baseline: Efficacy Parameters 


Mean Placebo Baseline Value (n) 


Bepridil 


Ort 2.7 (34) 
7.6 + 2.8 (31) 
2.8.+ 1.6 (24) 
5.7 + 2.8 (31) 
9:7 & 13.3 (37) 
4.9 + 6.7 (37) 


Time to angina (min) 

Total exercise time (min) 

Total work (KPM/1,000) 

Time to 1 mm ST-segment depression (min) 


Angina attacks/wk 
NTG consumption/wk 


*Significantly different from baseline, p <0.001. 


Mean Change from Baseline (n) 


Propranolol Bepridil Propranolol 


6.2 + 2.4 (29) 
7.5 + 2.1 (29) 
2.9 + 1.6 (26) 
5.5 + 2.2 (29) 
10.2 + 8.7 (32) 
4.3 + 6.4 (31) 


Sit 2:17 
2:2 24 57* 
2.0 + 1.9* 
1:7 + 2.0* 
—6.6 + 9.1* 
—3.2 + 5.6* 


1.6 2'2.1* 

1.4 + 1.5* 

130° 233:/3* (25) 

20's 1.9* 
—5.6 + 6.1* 
—-2.0+ 5.4 


Data are mean + standard deviation; KPM = kilopondmeters; n = number of patients, n in change from baseline columns is same as nin placebo baseline columns for all parameters 


except total work (propranolol n = 25); NTG = nitroglycerin. 


pridil was significantly more effective in terms of 
increasing time to angina and total work on exer- 
cise tolerance testing (p <0.05). 
Electrocardiographic effects: The resting elec- 
trocardiographic effects of bepridil were different 
from those of propranolol. In the first double-blind 
segment of the trial, the propranolol group experi- 
enced a greater decrease in heart rate than the 
bepridil group (p = 0.01); although the bepridil 
group had a lower heart rate at baseline compared 
with the placebo group (p = 0.03), the mean at the 
final visit was lower in the propranolol group. 
There was a greater increase in the QT interval 
with bepridil than with propranolol during the first 
double-blind segment (p = 0.06). Across both dou- 
ble-blind segments, bepridil showed an increase in 
the corrected QT (QT,) interval, whereas proprano- 
lol showed a small decrease; the difference be- 
tween treatments was significant (p <0.001). 
Adverse reactions: Adverse reaction data were 
based on responses by patients to a list of questions 
about specific potential clinical adverse reactions 
and were therefore higher than would be expected 
in ordinary clinical practice. The incidence of 
adverse reactions reported were bepridil, 83%; 
propranolol, 74%; and placebo (washout phase), 





65%. The most frequently reported adverse reac- 
tions in both treatment groups were dizziness, 
nausea, asthenia, and headache. Total numbers of 
patients who discontinued therapy were similar in 
the propranolol- and bepridil-treated groups. 

In summary, bepridil at a mean maintenance 
dose of 324 mg/day appeared to be at least as 
effective as usual doses of propranolol in improving 
exercise tolerance, specifically time to angina and 
total work. The overall tolerability of the 2 drugs 
was comparable. 


COMBINATION PROPRANOLOL AND BEPRIDIL 
THERAPY 

A total of 56 patients who had been receiving 
propranolol treatment without optimal antianginal 
effectiveness despite titration to maximum tolera- 
ble dose ranges were enrolled in this multicenter 
trial. The first 2 weeks of the study were a placebo 
washout, after which the participants were random- 
ized in double-blind fashion to receive either 
placebo or bepridil, titrated up to 400 mg, in 
addition to propranolol (Figure 2). Following the 
8-week active drug phase, all patients received 
placebo for 3 weeks. 


200-400 mg bepridil 
8 weeks 


placebo 


placebo 


placebo 


2 


4 6 8 


Open propranolol | 
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FIGURE 2. Study design of mutticlinic trial (56 patients) of the efficacy of bepridil in combination with propranolol in 
chronic stable angina. DD = daily diary (anginal attacks, nitroglycerin use); ETT = exercise tolerance test. (From Am J 


Cardiol. 1°) 
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Of the evaluable patients, 32 received bepridil 
plus propranolol and 18 received placebo plus 
propranolol. The study population was predomi- 
nantly middle-aged men who had experienced 
angina for 4-6 years (Table III). All doses of 
propranolol were below the maximum recom- 
mended dose of 240 mg/day, with a mean dose of 
130 mg/day. Bepridil dosage was started at 200 
mg/day and titrated up to 400 mg/day, if necessary; 
the mean bepridil dosage was 273 mg/day at week 
8. 

improvements in parameters of ischemia: 
The frequency of weekly anginal attacks at the final 
evaluation (the last evaluation for each patient, when- 
ever it occurred during the double-blind phase) was 
reduced significantly from baseline levels in both 
groups, although the reduction was greater in the 
bepridil-treated patients. Bepridil plus propranolol- 
treated patients had an average reduction of 3.11 
attacks/week (p <0.001). Weekly anginal attacks were 
also reduced in the placebo group by an average of 
2.37 attacks/week (p = 0.02). Patients receiving bepri- 
dil plus propranolol showed a statistically significant 
decrease from baseline levels (p = 0.01) in weekly 
nitroglycerin tablet consumption, whereas those in the 
placebo-plus-propranolol group showed no significant 
change. 

Table IV presents the changes in exercise toler- 
ance test efficacy parameters as well as the fre- 
quency of anginal attacks and nitroglycerin con- 





Baseline 


7.64 + 2.90 (18) 
5.10 + 2.40 (18) 
2.92 + 1.53 (17) 
5.36 + 2.72 (18) 
8.32 + 7.19 (15) 
5.69 + 6.92 (15) 


Total exercise time (min) 

Time to angina (min) 

Total work (KPM/1,000) 

Time to 1 mm ST-segment depression (min) 


Mean angina attacks/wk 
Mean NTG consumption/wk 


*p <0.05 between-group difference. 
tp <0.05 from baseline. 


KPM = kilopondmeters; n = number of patients, data not available for all patients at all visits; NTG = nitroglycerin. 


Data are mean + standard deviation. 


TABLE IV Efficacy Parameters: Change from Baseline 


Placebo + Propranolol (n) 


TABLE Ili Patient Demographics 


Placebo + 
Propranolol 


Bepridil + 
Propranolol 


Patients (n) 32 18 

Sex (m/f) 29/3 16/2 
Mean age (yr) + SD 60.3 + 8.8 59.7 + 8.0 
Mean duration of angina (yr) + SD 40+98 55+49 
Mean angina attacks/wk + SD 6.9448 8327.2 
Mean NTG consumption/wk (0.4mg)+SD 54+5.2 69+6.9 


NTG = nitroglycerin; SD = standard deviation. 
Adapted from Am J Cardiol. 19 





sumption compared with baseline. The addition of 
bepridil to propranolol produced improvements in 
total exercise time, time to angina, total work, and 
time to 1 mm ST-segment depression. Significant 
differences were observed in total exercise time 
(p = 0.01), time to angina (p = 0.04), and total 
work (p = 0.03) from baseline to final values among 
bepridil-treated patients compared with those re- 
ceiving placebo plus propranolol. It should be 
noted that the addition of placebo to propranolol 
produced a significant (p = 0.02) decrease in fre- 
quency of anginal attacks. 

Electrocardiographic changes: Patients under- 
went resting electrocardiographic (Table V) and 
Holter electrocardiographic monitoring. These as- 
sessments showed that the QT, interval increased 
significantly from baseline in the bepridil-treated 
group compared with those taking placebo plus 
propranolol from baseline to final evaluation 





Bepridil + Propranolol (n) 


Final Change 


0.02 + 1.32 (17) 
0.89 + 1.98 (17) 
0.07 + 1.05 (17) 
0.34 + 2.11 (17) 


~2.37'% 2.16 (17) 
—0.60 + 0.91 (15) 


Baseline 


7.25:% 2.1532) 
4.93 + 1.80 (32) 
2.73 + 1.30 (32) 
5.18 + 2.11 (32) 
6.88 + 4.80 (30) 
5.44 + 5.23 (30) 


Final Change 


0.97 + 1.21*f (30) 
2.01 + 1.80*f (30) 
0.65 + 0.81*t (30) 
1.50 + 1.97* (30) 
—3.11 + 2.81 (28) 
—2.30 + 3.51 (29) 





TABLE V Resting Electrocardiographic Effects 


Bepridil + Propranolol 


(n = 34) 


Baseline 


Resting heart rate (beats/min) 
QT. (msec) 
PR (msec) 


QRS (msec) 


*p <0.01 (from baseline). 
Data are mean + standard deviation. 
Adapted from Am J Cardiol. '9 


Final 


62.4 + 10.7 


439* + 39 


174+ 41 
77 + 0.14 
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Placebo + Propranolol 
(n= 19) 


Baseline 


62.2 + 11.2 

409 + 32 
173 + 22 
81 + 0.8 


62.5 + 11.2 

419 + 30 
177 + 27 
78 +15 





(p <0.001). A significant decrease (p = 0.02) in 
the QT, interval from baseline to the final visit was 
observed in patients receiving propranolol plus 
placebo. There were no significant differences 
between treatment groups in heart rate, PR inter- 
val, or ORS interval. No new serious ventricular 
arrhythmias or other conduction disturbances were 
noted. 

The addition of bepridil to propranolol ap- 
peared to have very little effect on heart rate at rest 
(maximum reduction of 2 beats/min) or on exer- 
cise. Also, there was no increment in blood levels 
of either drug with the addition of bepridil to 
propranolol therapy. 

Adverse reactions: As shown in Table VI, the 
overall incidence of adverse effects was higher 
among patients given bepridil plus propranolol 
(p = 0.04), but no significant differences between 
study groups occurred in individual adverse reac- 
tions. Adverse reactions in the bepridil group were 
associated mainly with the gastrointestinal and 
central nervous systems. 

In summary, the addition of bepridil to proprano- 
lol clearly improved several important parameters 
of antianginal efficacy. It reduced the frequency of 
anginal attacks and nitroglycerin consumption, and 
improved exercise tolerance compared with pro- 
pranolol monotherapy. The combination was both 
safe and well tolerated. 


DISCUSSION 

The findings of these two trials are consistent 
with those of other investigations,'!*!’?" which 
demonstrate that bepridil is safe and effective in 
the treatment of patients with angina. In addition, 
the combination of bepridil and propranolol is 
more effective than propranolol alone in patients 
who have not been optimally controlled with pro- 
pranolol. Concomitant use of these 2 agents re- 
duced anginal attacks and nitroglycerin consump- 
tion while improving exercise tolerance. There are 
several potential benefits of concomitant treatment 
with bepridil and a B blocker such as propranolol. 

One potential benefit is that it may be possible 
to use smaller doses of both drugs than if either 
agent is used alone. The trial of the combination 
supports the notion that combined bepridil and 
propranolol therapy maximizes antianginal effects. 
Maximal efficacy of bepridil monotherapy has been 
reported to be achieved in dosages ranging from 
300-400 mg/day.” In the monotherapy trial de- 
scribed here, the mean maintenance dose of bepri- 
dil was 324 mg/day. In our combination therapy 
study, mean dosages of bepridil ranging from 203 





TABLE VI Most Frequently Reported Adverse Effects 


Bepridil + 
Propranolol 


Placebo + 
Propranolol 


(n = 19) 
% 


Dizziness 
Diarrhea 
Dyspepsia 
Headache 
Nausea 
Constipation 
Tremor 


Adapted from Am J Cardiol. ?9 


mg/day (week 2) to 273 mg/day (week 8) were 
effective, with many patients responding well to 
dosages of 200 mg/day. However, even at the 
maximum dosage of bepridil (400 mg/day), no 
significant adverse reactions were noted. 

Another possible advantage of concomitant ther- 
apy, at least in theory, relates to prolongation of 
the QT, interval. Baseline QT, prolongation has 
been identified as a special risk among bepridil- 
treated patients, as discussed elsewhere in this 
symposium.?!?? The action of bepridil QT, prolon- 
gation in some patients may in fact be counteracted 
by propranolol. This B blocker may shorten the 
QT. interval, as was observed in both of these 
trials. The possibility that propranolol might limit 
the extent of QT, prolongation during bepridil 
therapy deserves further clinical study. 

In conclusion, bepridil, either alone or in combi- 
nation with B-blocking agents, provides an impor- 
tant avenue to maximize therapeutic benefits in 
patients who have not responded optimally to B 
blockers alone. 
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Bepridil Treatment of Chronic Stable Angina: A 
Review of Comparative Studies Versus Placebo, 
Nifedipine, and Diltiazem 


Robert DiBianco, MD 


The antianginal efficacy of bepridil, a calcium an- 
tagonist with an extended plasma elimination 
half-life, has been compared with placebo and 
the caicium antagonists nifedipine and diltiazem 
in patients refractory to diltiazem. The earliest 
observations in the United States of antianginal 
effects of bepridil were revealed in a single-blind, 
multicenter, placebo-controlled trial of 77 pa- 
tients with chronic stable angina pectoris that 
demonstrated that bepridil (300 mg/day) im- 
proved exercise duration by 26%, from 6.9 + 0.4 
(standard error of the mean) to 8.7 + 0.5 minutes 
(p <0.001), and exercise work by 52%, from 

2.7 + 0.3 to 4.1 + 0.4 x 10 * KPM (p <0.001), on 
a standardized treadmill protocol, and it reduced 
angina frequency by 68%, from 8.5 + 1.1 to 

2.7 + 0.7 attacks per week, and nitroglycerin use 
by 76% (p <0.001). Minor side effects such as 
nausea, epigastric discomfort, and tremor were 
infrequent and no major side effects occurred. 
Double-blind, parallel-design treatment evalua- 
tions confirmed beneficial effects of bepridil 
alone and in combination with 8 blockade. 
Chronic efficacy was confirmed by evaluations up 
to 24 months in a controlled withdrawal study. 
Antianginal effects of nifedipine were compared 
with those of bepridil in a double-blind, parallel 
group study of 101 patients with chronic stable 
angina treated for 3 months. Bepridil (mean final 
dose 284 mg/day; range 200—400 mg/day) pro- 
duced modest but statistically significantly 

(p <0.05) greater improvements in exercise 
work, time to angina, or 1 mm ST-segment 
change than nifedipine (mean final dose 59 mg/ 
day; range 30—120 mg/day). Favorable reduc- 
tions in angina frequency and nitroglycerin tablet 
consumption were similar for each treatment. 


From the Cardiology Department, Washington Adventist Hospital, 


Takoma Park, Maryland. 


Address for reprints: Robert DiBianco, MD, Cardiology Depart- 
ment, Washington Adventist Hospital, 7600 Carroll Avenue, Ta- 


koma Park, Maryland 20912. 


Adverse effects prompting discontinuation of 
study drugs were more than twice as common 
with nifedipine (24%; 12 of 50 patients) than with 
bepridil (10%; 5 of 50 patients). The effects of 
bepridil were assessed in patients with angina 
refractory to current treatments, including 6 
blockade and nitrates combined with the calcium 
antagonist diltiazem. In these patients prese- 
lected for refractory angina, bepridil was substi- 
tuted for diltiazem in double-blind fashion in half 
of the patient group. The 8-week follow-up 
showed that bepridil (median final dose 300 mg/ 
day) but not diltiazem (median final dose 360 mg/ 
day) increased time to angina, time to 1 mm ST- 
segment depression, total exercise time, and 
total work (p <0.05) compared with baseline. Sta- 
tistically significant improvements of modest 
magnitude confirmed superior benefits on exer- 
cise parameters with bepridil compared with dilt- 
iazem in this selected refractory patient group. 
The angina attack frequency and nitroglycerin 
use were reduced with both drugs. These studies 
demonstrate that bepridil (200—400 mg/day) is 
an effective antianginal agent when administered 
once daily. Bepridil is confirmed to improve exer- 
cise capacity, delay indicators of ischemia during 
exercise testing, and improve the angina syn- 
drome. Bepridil is an additional therapeutic op- 
tion for patients with angina and may be espe- 
cially valuable in patients refractory to, or 
intolerant of, other antianginal treatments. 

(Am J Cardiol 1992;69:56D—62D) 


F ' Nhe calcium antagonist bepridil hydrochlo- 
ride (HCl) is pharmacokinetically and phar- 
macodynamically distinguished from other 

calcium antagonists available in the United States. 

Bepridil is lipophilic, with an unusually long plasma 

half-life of 42 + 12 hours.' Unlike verapamil, dil- 

tiazem, or the dihydropyridine calcium antagonists 

(nifedipine, nicardipine, isradipine, felodipine), 

bepridil also possesses sodium channel blocking 
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properties and prolongs the effective refractory 
periods of the atria, atrioventricular node, His- 
Purkinje system, and the ventricles.** Early studies 
demonstrated that bepridil is an effective antiangi- 
nal agent when given once daily as monotherapy in 
patients with chronic exertional angina pectoris.*° 
The additive benefits and extended efficacy of 
bepridil have also been confirmed by studies of the 
concomitant use of bepridil with B-adrenoceptor 
blockers® and long-term bepridil treatment.’* This 
article briefly reviews the results of these studies, 
and of direct comparisons of bepridil with the 
calcium antagonists nifedipine and diltiazem.?!" 

In the discussion that follows, the effects of 
bepridil treatment will be compared to treatment 
with placebo, nifedipine, and diltiazem. In each of 
these outpatient trials, the primary end point and 
measure of efficacy has been the effect of treat- 
ment on exercise capacity determined by serial, 
progressive, and standardized treadmill stress test- 
ing. Secondary end points have been the frequency 
of anginal attacks and the number of nitroglycerin 
tablets consumed. 


BEPRIDIL VERSUS PLACEBO 

An initial study of bepridil in the United States 
included 77 patients with a primary diagnosis of 
angina pectoris experiencing 3 or more anginal 
attacks per week.* Each had coronary artery dis- 
ease confirmed by previous myocardial infarction 
(MI) or an abnormal coronary arteriogram. They 
were required to have chest pain associated with 
abnormal exercise tolerance tests, as defined by 
electrocardiographic criteria. In this multicenter, 


Angina 
frequency 
(attacks/wk) 


FIGURE 1. Bepridil reduced weekly angi- 
nal frequency and nitroglycerin tablet 
consumption and improved exercise 
time and duration in 77 patients. Carry- 
over effects of treatment in the final 
placebo phase were confirmed by 
plasma bepridil levels. *p <0.001 ver- 
sus placebo lead-in; jp <0.01 versus 
preceding phase. (From Am J Cardiol.*) 


Study drug 


Exercise 
time 
(min) 


single-blind, placebo-controlled trial, patients re- 
ceived bepridil at doses of 200 mg/day titrated up 
after 2-week intervals to 300 and then 400 mg. 
Doses were either given once daily or divided into 
twice-daily regimens (placebo controlled) for com- 
parison of effects. There was a single-blind placebo 
lead-in phase, and washout for 2 weeks at the 
beginning and end of the study (Figure 1). 

The beneficial effects of treatment on exercise 
capacity, angina syndrome, and hemodynamic pa- 
rameters at rest and during exercise are summa- 
rized in Table I. At 300 mg/day, bepridil reduced 
anginal frequency by 68%, from 8.5 + 1.1 (stan- 
dard error of the mean) to 2.7 + 0.7 attacks per 
week, and nitroglycerin tablet consumption by 76% 
(p <0.001). Bepridil improved exercise duration 
by 26%, from 6.9+0.4 to 8.7 + 0.5 minutes 
(p <0.001), and exercise work by 52%, from 
2.7 + 0.3 to 4.1+0.4 x 107? KPM (p <0.001). 
Resting and peak exercise heart rate and blood 
pressure were unaffected. The antianginal effects 
of bepridil were similar with either once- or twice- 
daily treatment (not shown). Minor side effects of 
nausea, epigastric discomfort, and tremor were 
infrequent; no major side effects occurred. Dose- 
related OT prolongation and repolarization T-wave 
changes (usually a biphasic T wave and a U wave in 
the absence of hypokalemia) were noted. The 
results of this large, preliminary, short-term study 
suggested that bepridil is an effective and well- 
tolerated antianginal agent when administered once 
daily. Confirmation of the beneficial antianginal 
effects of monotherapy with bepridil was provided 
by a double-blind, parallel-treatment evaluation. 


Frequency 


200 
mg/day 
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TABLE I Effects of Once-Daily Bepridil Given in 100-mg Increments (200 to 400 mg) Every 2 Weeks 





Initial 
Placebo 
Variables 


Anginal frequency (attacks/ week) 
NTG consumption (tablets/week) 
Resting 
Heart rate (beats/min) 
Systolic blood pressure (mm Hg) 
Rate—pressure product (beats/min x mm Hg/1,000) 
Maximum exercise 
Heart rate (beats/min) 
Systolic blood pressure (mm Hg) 


Rate—pressure product (beats/min x mm Hg/1,000) 
ST-segment displacement (mm) 

Exercise duration (min) 

Exercise work (KPM/ 1,000) 

Time to onset angina (min) 


*p <0.001 compared with the value during initial placebo treatment. 

tp <0.001 compared with the value during the preceding phase. 

tp <0.01 compared with the value during initial placebo treatment. 

§p <0.01 compared with the value during the preceding phase. 

lp <0.05 compared with the value during initial placebo treatment. 
p <0.05 compared with the value during the preceding phase. 

KPM = kilopondmeters; NTG = nitroglycerin. 

Mean + standard error of the mean (SEM). 

Adapted from Am J Cardiol.* 


CHRONIC EFFICACY OF BEPRIDIL 

Chronic efficacy was investigated and demon- 
strated to be present with treatment extending 
beyond 9 months.’* Sharma et al’ confirmed that in 
19 patients, the long-term antianginal efficacy of 
bepridil was maintained for up to 24 months. In 
that study, patients were evaluated every 3 months 
with respect to anginal symptoms and response to 
exercise tolerance testing. The initial 3-month 
evaluation demonstrated that, compared with pla- 
cebo, bepridil reduced weekly anginal frequency 
(10.3 + 9.1 to 1.8 + 3.5; p <0.002) and increased 
treadmill time to angina (5.2 + 2.3 to 7.9 + 2.6 
minutes; p <0.001). These favorable effects were 
sustained throughout the 24 months of study. 
Adverse effects of treatment were not severe 
enough to prompt drug discontinuance in any 
patient. No symptomatic ventricular arrhythmias 
were observed. 

Another trial evaluated chronic efficacy by as- 


Bepridil (n=16) 


Angina: 1.1 attacks/wk 


Exercise time: no change 
Open label bepridil cal g 


(9-22 months) 
Placebo (n=17) 


Angina: 4.7* attacks/wk 
Exercise time: § 17% 


tients during a 4-week trial. *p <0.05 versus continuation 
of bepridil. (From Am J Cardiol.*) 


Bepndil 
200 mg/day 
(n = 38) 


3.5 ah OG? 
19 0,5" 


70+2 
135\:+3 
93+0.3 


119+3 
175+4 

20.8+0.8 
1.2+0.1 
7.9 + 0.5* 
3.5 0,4 
6.1 + 0.4* 


Bepridil 
300 mg/day 
(n = 38) 


2.7 + 8.7* 
1.4 + 0.4* 


69 +2 
136+3 
9.3+0.3 


120 +.3 
177+4 

21.4+0.8 
1:2).20.1 
8.7 + 0.5*§ 
4.1 + 0.4*§ 
6.8 + 0.5*9 


Bepridil 
400 mg/day 
(n = 38) 


2.9+0.7* 
1.3 + 0.4* 


66 + lt 
132 +2 
8.8 + 0.249 


119+3 
176+ 4 

21.2 + 0.8 
1.3:2:60.1 
9.2 + 0.5*§ 
4.6 + 0.5*9 
75 +.6.5* 


Terminal 
Placebo 
(n = 38) 


4.9 + 0.9%*§ 
3.3 + 0.94§ 


69 + 24§ 
134+2 
9.2+ 0.39 


121 + 3| 
174+4 

21.1+0.8 
12+0.1 
8.1 + 0.5*t 
3.6 + 0.4*+ 
6.2 + 0.3ł§ 








sessing the response to withdrawal of bepridil in 
patients whose angina had been previously con- 
trolled on the agent.’ In this trial, 33 patients who 
had a favorable response to bepridil for at least 9 
months were randomized in double-blind fashion 
to placebo or to the previously established dosage 
of bepridil (mean dosage 325 mg/day; Figure 2). 
During the 4-week, double-blind withdrawal pe- 
riod, patients randomized to continue bepridil 
remained stable in terms of anginal frequency and 
exercise performance. Discontinuance of bepridil 
resulted in a significant increase in anginal fre- 
quency and nitroglycerin tablet consumption (Ta- 
ble II); further, exercise capacity decreased by 
approximately 20%. Of the 17 patients randomized 
to placebo, 4 had increases in anginal frequency 
requiring withdrawal from the study and resump- 
tion of bepridil therapy. 

In summary, this study complements the results 
of others that establish bepridil’s efficacy and 
tolerability in comparison with placebo by demon- 
strating that the drug continues to provide antiangi- 
nal benefit during long-term administration. 


CONCOMITANT THERAPY WITH BETA 
BLOCKERS 

Bepridil has demonstrated an additive antiangi- 
nal effect in patients concurrently receiving B-ad- 
renergic blocking agents. In a study of 56 patients, 
bepridil was added to propranolol in double-blind, 
placebo-controlled fashion. The addition of bepri- 
dil reduced anginal frequency as well as nitroglyc- 
erin tablet consumption and was associated with 
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TABLE li Results of the Placebo-Controlled, Double-Blind, Randomized Withdrawal of Bepridil 


Bepridil 


Difference 
Within Group: 
p Value* 


Final 
Mean 


Initial 


Parameters Mean 


Angina attacks/week 
Week 2 
Week 4 


Nitroglycerin tablets/week 
Week 2 
Week 4 


Exercise tolerance 
Time to angina (mm) 
Total exercise time (min) 
Time to 1 mm ST-seg dep (min) 
Total work (KPM/ 1,000) 


*Two-sided p values. 


Difference 
Between Groups: 
p Valuet 


Difference 
Within Group: 
p Value* 


Final 
Mean 


Initial 
Mean 


tOne-sided p values for efficacy parameters; 2-sided p values for resting electrocardiograms. 


KPM = kilopondmeters; ST-seg dep = ST-segment depression. 
Adapted from Am J Cardiol.® 


substantial, significant improvements in exercise 
capacity.®!! 


BEPRIDIL COMPARED WITH OTHER CALCIUM 
ANTAGONISTS 

To date, there is limited information comparing 
the antianginal efficacy of bepridil with other 
available calcium antagonists. However, 2 such 
studies have been conducted in patients with a 
primary diagnosis of angina pectoris. One ad- 
dressed monotherapy with bepridil versus nife- 
dipine; the other compared the efficacy of bepridil 
versus diltiazem in a selected group of patients 
with angina refractory to diltiazem. 


BEPRIDIL VERSUS NIFEDIPINE 

The trial comparing bepridil with nifedipine’ 
enrolled 101 patients with chronic stable angina. 
The protocol required that patients have an aver- 
age anginal attack rate >4/week during a 2-week, 


Bepridil (n=51) 


200-400 mg/day 


Placebo (mean final dose 284 mg/day) 


(n=101) 


Nifedipine (n=50) 


30-120 mg/day 
(mean final dose 59 mg/day) 


FIGURE 3. Patients with chronic stable angina were en- 
rolled in a trial comparing bepridil with Patients 
were required to have an average of 24 anginal attacks 
per week during the 2-week placebo baseline period. 








single-blind placebo baseline period. All patients 
were required to have exercise limitation second- 
ary to anginal pain and to be on no other antiangi- 
nal medication except for sublingual nitroglycerin 
to abort anginal episodes. Following the placebo 
baseline period, patients were randomized in dou- 
ble-blind fashion to receive bepridil, 200 mg/day, 
or nifedipine, 30 mg/day (Figure 3). Doses could 
be titrated up to 400 mg of bepridil and 120 mg of 
nifedipine until week 7 of the 12-week double- 
blind period. The average final dose for bepridil 
was 284 mg/day and for nifedipine, 59 mg/day. 
The results are summarized in Table III. Statis- 
tically significant improvements in exercise time 
and total work were recorded at 7 weeks (not 
shown) and 12 weeks after initiation of bepridil. 
Nifedipine did not improve exercise time or work. 
Improvements in time to angina and time to 1 mm 
ST-segment depression were observed with bepri- 
dil, whereas only time to angina was improved with 
nifedipine. The improvement in time to 1 mm 


TABLE ttf Antianginal Effects of Bepridil Versus Nifedipine at 
Week 12 of Double-Blind Trial 


Change 


Baseline From Baseline 


Bepridil Nifedipine Bepridil Nifedipine 


Time to angina 5.5 

Total exercise time 7.4 

Total work 3.1 

Time to 1 mm ST-seg dep 5.7 

Weekly angina attacks 11.1 

Weekly nitroglycerin 6.5 
consumption 


*(p <0.05) difference from baseline. 

t(p <0.05) difference from nifedipine. 
(p <0.06) difference from nifedipine. 
ST-seg dep = ST-segment depression. 
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ST-segment depression was statistically signifi- 
cantly better with bepridil but modest in magni- 
tude. Figure 4 diagrams the between-group differ- 
ences in weekly anginal attack rates. 

Treatment with bepridil significantly prolonged 
QT and corrected OT (QT.) intervals by an aver- 
age of 13% and 7%, respectively. Limiting adverse 
reactions caused 10% (5 of 51) of bepridil-treated 
patients and 24% (12 of 50) of nifedipine-treated 
patients to withdraw from the study. The reasons 
for discontinuation of bepridil were elevated liver 
function test results, an episode of syncope, inter- 
mittent forceful heartbeats with tremor and anxi- 
ety, OT, prolongation, and an episode of torsades 
de pointes. The reasons for discontinuation of 
nifedipine were sinus tachycardia, atrial fibrilla- 
tion, and increased chest pain and pressure (in 1 
patient each) and symptoms in 9 other patients, 
including edema, flushing, dizziness, headache, 
and tremor. Overall, 77% of patients reported at 
least 1 adverse reaction during bepridil treatment, 
and 88% reported at least 1 during nifedipine 
treatment. The incidences of asthenia, vasodila- 
tion, edema, and dizziness were significantly lower 
during bepridil treatment than during nifedipine 
treatment. 

Global assessments of the overall response to 
treatment were obtained. Both patient and investi- 
gator global assessments of bepridil therapy were 
significantly superior to those of nifedipine ther- 
apy. Bepridil was rated as “excellent” or “good” by 
91% of the patients, whereas only 57% of the 
patients rated nifedipine similarly (Figure 5). Inves- 
tigators rated 83% and 63% of the patients as 


Nifedipine 
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FIGURE 4. Differences in weekly anginal attack rate for 
bepridil and nifedipine. *p <0.05 between groups. 





having a “marked” or “moderate” response to 
bepridil and nifedipine therapy, respectively. 

The results of this study of subjective and 
objective measures of anginal efficacy reflect at 
least comparability and, at some evaluations, a 
Statistically significant benefit of bepridil compared 
with nifedipine in patients with chronic stable 
angina. Overall, bepridil was better tolerated than 
nifedipine and was associated with fewer adverse 
reactions requiring discontinuance of therapy and 
fewer reports of asthenia, vasodilation, dizziness, 
and edema. 


BEPRIDIL VERSUS DILTIAZEM IN REFRACTORY 
ANGINA 

This multiclinic, double-blind, parallel study®!° 
was designed to test the effects of bepridil in 86 
patients remaining symptomatic on maximally tol- 
erated dosages of diltiazem (Figure 6). Following a 
24-hour washout period, patients were randomized 
in double-blind fashion either to receive bepridil, 
200-400 mg/day or to continue previously estab- 
lished dosages of diltiazem (up to 120 mg, 3 times 
daily). The patients were comparable in age, fre- 
quency of previous myocardial infarction, coronary 
bypass surgery, and extent of multivessel disease 
(Table IV). The majority of these patients were 
taking B blockers or long-acting nitrates or both, in 
addition to maximum tolerated doses of diltiazem, 
before randomization to continue diltiazem or 
receive bepridil. 

Bepridil, but not diltiazem, significantly in- 
creased time to angina onset, time to 1 mm 
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FIGURE 5. Global assessments indicate that patients 
found bepridil therapy significantly superior to nifedipine 
treatment. 
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TABLE IV Bepridil Versus Diltiazem: Patient Demographics 











Bepridil Diltiazem 
Gender (m/f) 39/7 31/9 
Age (yr) 62 (42-78) 62 (43-79) 
Weight (Ib) 102—253 128—280 
Previous MI 28 20 
Average number vessels 2.1 2.5 

> 60% obstructed 

Previous CABG 17 16 


LV ejection fraction 28 (60.2/31-80) 24 (58.2/32-81) 
Concomitant medications 
B blockers 


Nitrates 


72% 58% p=NS 
52% 60% p= NS 
CABG = coronary artery bypass graft; LV = left ventricular; MI = myocardial 


infarction; NS = difference not significant. 
Adapted from Am J Cardiol. 19 






ST-segment depression, total exercise time, and 
total work on treadmill testing compared with 
baseline values (Figure 7). Bepridil significantly 
extended time to angina onset and time to 1 mm 
ST-segment depression compared with diltiazem, 


B blockers (continued) 
Nitrates (continued) 


Bepridil (n=46) 


(200-400 mg/day) 


Diltiazem (median 300 mg/day) 


(n=86) 


Diltiazem (n=40) 


(<360 mg/day) 
(median 360 mg/day) 


4 6 
Week 





FIGURE 6. Study design for double-blind, parallel, multi- 
clinic trial of bepridil versus diltiazem; patients were ran- 
domized to treatment with either drug following a 24-hour 
washout period. Exercise tolerance tests were adminis- 
tered at baseline, and at 4 and 8 weeks following random- 
ization. 


FIGURE 7. In patients randomized to 
bepridil treatment, all parameters were 
significantly improved from baseline; 
improvements in total exercise time 
and total work were significantly better 
with bepridil treatment than with dil- 
tiazem treatment. *p <0.05 (from base- 
line); {p <0.05 (from diltiazem). (From 
Am J Cardiol.*°) 


to final visit 


Mean change 
from baseline 





TABLE V Bepridil Versus Diltiazem: Electrocardiographic 
Effects 















Diltiazem 
Bepridil Continuation 
Substitution (“control’’) 








Baseline 


HR (beats/min) 60 62 

QT. (msec) 415 418 
Week 4 

HR (beats/min) OF *T 64 

QT. (msec) 452*t 431 
Week 8 

HR (beats/min) 55 62 

QT. (msec) 456*łtł 421 
Final 

HR (beats/min) 56 61 


QT, (msec) 


*p <0.001 compared with baseline diltiazem treatment. 
tp <0.01 compared with continued diltiazem treatment. 
HR = heart rate; QT. = corrected QT interval. 











although no significant differences between the 2 
drugs were noted in other parameters of exercise 
tolerance. Reductions in anginal frequency and 
nitroglycerin consumption were similar in both 
groups and suggest a placebo- or study-related 
response for these subjective variables. 

The electrocardiographic effects of bepridil were 
significantly different from those of diltiazem (Ta- 
ble V). Continuation of diltiazem was not associ- 
ated with electrocardiographic changes. Bepridil 
substitution, however, did produce a slight de- 
crease in heart rate (4 beats/min) and an increase 
in the QT, interval (35 msec). 

The substitution of bepridil for diltiazem was 
associated with adverse reactions, as listed in Table 
VI. Because patients entered the trial stabilized on 
diltiazem, the side-effect profile in the diltiazem 
group reflects no change in therapy, whereas the 
profile of the bepridil group reflects the introduc- 
tion of a new drug. Therefore, a true estimate of 
the additional side effects likely to be caused by 


mm Bepridil 
zæ Diltiazem 


0.5 


Total 
work 
(Kpm/1,000) 


Total 
exercise 
time 
(min) 


Time to 

1mm ST 
depression 

(min) 


Time to 
angina 
(min) 


A SYMPOSIUM: MANAGEMENT OF ANGINA PECTORIS 61D 


TABLE VI Bepridil Versus Diltiazem: Adverse Reactions and 
Premature Discontinuations 







Number of Patients (%) 







Bepridil Diltiazem 
Substitution Continuation (“control”) 
(n = 46) (n = 40) 









Adverse reactions* 











Nausea 10 (21.7) 3 (7.5) 
Asthenia 8 (17.4) 4 (10.0) 
Dizziness 8 (17.4) 2 (5.0) 
Headache 7 (15.2) 3 (7.5) 
Diarrhea 7 (15.2) 1 (2.5) 
Discontinuations 
Adverse reaction 4 (8.7) 1 (2.5) 
Drug ineffective 4 (8.7) 1 (2.5) 
Intercurrent illness 0 1 (2.5) 
Other 1 (2.2) 2 (5.0) 










*There were no instances of death, infarction, sustained ventricular arrhythmia, or 
torsades de pointes. 






bepridil would result from subtracting the percent- 
age for diltiazem from the percentage for bepridil. 
Four patients on bepridil and 1 patient on dil- 
tiazem withdrew from the study because of adverse 
reactions. No cases of sudden death, myocardial 
infarction, sustained ventricular tachycardia, or 
torsades de pointes occurred. 

In summary, this study demonstrated that substi- 
tuting bepridil once daily for diltiazem 3 times daily 
produced comparable antianginal efficacy. Bepri- 
dil was more effective than diltiazem in this prese- 
lected refractory patient population in increasing 
total exercise time, time to angina, and time to 1 
mm ST-segment depression, suggesting a benefi- 
cial effect of bepridil in this subgroup of patients 
with angina. Withdrawal rates and minor gastro- 
intestinal and central nervous system side effects 
were slightly increased secondary to bepridil. The 
benefits of bepridil therapy were demonstrated in 
patients refractory to maximum doses of diltiazem, 
most of whom were receiving concomitant treat- 
ment with B blockers and/or long-acting nitrates, 
further suggesting that bepridil may be valuable in 


patients who are inadequately treated by currently 
available antianginal treatments. 


CONCLUSION 

This review of multicenter US trials involving 
patients with chronic stable angina clearly supports 
the efficacy of bepridil for reducing anginal symp- 
toms and enhancing exercise capacity. The safety 
of bepridil and patient acceptance in these trials 
have been excellent. Its potential to offer compara- 
ble or superior antianginal efficacy to patients 
inadequately responsive to or intolerant of current 
treatments suggests that bepridil is a potentially 
valuable new therapeutic option worthy of contin- 
ued consideration. 
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Effects of Bepridil on Cardiac Electrophysiologic 
Properties 


Eric N. Prystowsky, MD 


The current classification system for antiarrhyth- 


mic drugs has several shortcomings; for exam- 
ple, electrophysiologic effects are defined in nor- 
mal tissue, whereas antiarrhythmic drugs are 
often used clinically in diseased or injured tissue. 
Consideration of the electrophysiologic effects 
of bepridil in humans emphasizes the drawbacks 
of the classification system. Bepridil is primarily 
a calcium antagonist with class IV action. How- 
ever, because the drug has class IA action as 
well, it should not be considered a typical class | 
or class IV agent. Bepridil has been observed to 
prolong the QT interval in the majority of patients 
in whom it is used for treatment of angina. How- 
ever, in US clinical trials, including open exten- 
sions, only 7 cases of torsades de pointes have 
been recorded. In France, where the drug is ap- 
proved for treatment of angina, the incidence of 
torsades de pointes was 0.01% in 1989. No con- 
sensus currently exists regarding what degree of 
QT prolongation constitutes increased risk for a 
ventricular proarrhythmic event. Based on cur- 
rent information, bepridil should be used cau- 
tiously in patients with a propensity toward hy- 
pokalemia, which can exacerbate or induce a 
proarrhythmic state. The drug should not be used 
in patients with a prolonged QT interval at base- 
line, a history of torsades de pointes, or long QT 
interval syndrome. Bepridil also should be 
avoided in patients with sinus node dysfunction 
or second- or third-degree atrioventricular block. 
(Am J Cardiol 1992;69:63D—67D) 


From the Clinical Electrophysiology Laboratory, Indiana Heart 


Institute, St. Vincent Hospital, Indianapolis, Indiana. 
Address for reprints: Eric N. Prystowsky, MD, Northside 
Cardiology, 8402 Harcourt Road, Indianapolis, Indiana 46260. 


r l Nhe calcium antagonist bepridil is a highly 
effective antianginal agent with antiarrhyth- 
mic properties.! In clinical trials, however, 

prolongation of the QT interval has been observed 
with bepridil, engendering concern that some pa- 
tients might be at risk for ventricular proarrhyth- 
mic events while receiving this agent. A review of 
the electrophysiologic profile of this drug and the 
significance of drug-induced QT prolongation fol- 
lows to help place these issues in perspective. 


ANTIARRHYTHMIC DRUG CLASSIFICATION 

In the system commonly used to classify antiar- 
rhythmic drugs, agents are categorized according 
to their actions. Class I includes fast sodium 
channel blockers; class II, B-adrenoreceptor block- 
ers; class II, drugs that prolong refractoriness; and 
class IV, calcium antagonists. It is difficult to 
classify bepridil using this scheme because it has 
actions in more than one class. Other agents, such 
as amiodarone, quinidine, and propafenone, also 
have more than one electrophysiologic action. 

There are several problems with this classifica- 
tion system. One is that electrophysiologic effects 
are defined in normal tissue, although the effects 
may be quite different in diseased or injured tissues 
when these agents are administered in the clinical 
setting. Additionally, drug effects are often species- 
specific and may vary according to the cardiac 
membrane potential, heart rate, electrolyte concen- 
trations, and pH. Factors such as use dependence 
and autonomic nervous system interactions also 
are not taken into consideration. Further, drugs 
often cross over among classes, and even drugs 
within a given class may differ from one another. 
Drug metabolites also may have effects that differ 
from those of the parent compound, as in the case 
of agents such as procainamide and lidocaine.? 


ELECTROPHYSIOLOGIC EFFECTS OF BEPRIDIL 
Consideration of the electrophysiologic effects 
of bepridil in humans demonstrates several of the 
shortcomings of the classification scheme. As shown 
in Table I, bepridil prolongs sinus cycle length so 
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Property Effect 


Sinus cycle length 

PR interval 

QRS interval 

QT interval 

AH interval 

Wenckebach cycle length 

HV interval 

Effective refractory period of right 
atrium, right ventricle, AV 
node, accessory pathways 


TABLE | Electrophysiologic Effects of Bepridil in Humans 






> |j} > > — |j > > 











f = increase; | = decrease; + = no change; AV = atrioventricular. 
Adapted from Am J Cardiol. ! 






that heart rate slows, as would be predicted on the 
basis of blockade of the slow inward calcium 
channel.' The PR interval increases, primarily due 
to prolongation in atrioventricular (AV) nodal 
conduction time, as is evident from an increase in 
the AH interval. 

Two measures of conduction—the QRS and 
HV intervals—are minimally affected by bepridil. 
Both intervals are nearly always prolonged by 
typical class IA agents such as quinidine. Thus, 
bepridil clearly differs in this regard at doses used 
clinically. On the other hand, bepridil does in- 
crease the OT interval, an effect similar to the class 
IA drugs. 

If atrial pacing is conducted in the electrophys- 
iology laboratory to determine the AV nodal 
Wenckebach cycle length, and the calcium antago- 
nist verapamil or diltiazem is then administered, 
AV nodal block will occur at a slower rate; this is 
true of bepridil as well. Unlike most calcium 
antagonists, however, bepridil prolongs the effec- 
tive refractory period of right atrium, right ventri- 
cle and even accessory pathways. Refractoriness in 
the left atrium and ventricle are probably also 
prolonged, but these structures are not routinely 
tested during the electrophysiologic study. 

Bepridil is primarily a calcium antagonist, with 
its major electrophysiologic effect a class IV action, 
but a review of its overall electrophysiologic profile 
shows that the drug has class I action as well. 
Within class I, bepridil appears closest to the class 
IA agents, except for the fact that it has minimal 
effects on the QRS and HV intervals. Such cross- 
over among classes also is evident when one 
examines the electrophysiologic actions of other 
antiarrhythmic agents. Quinidine, for example, is 
the prototypical class IA drug, yet it has been 
found to have class III activity at slow heart rates. 
Amiodarone has a major class III action, but it also 
has class I, II, and IV actions. Propafenone, a class 
IC agent, has definite B-blocking activity, which is a 





TABLE lf Antiarrhythmic Properties of Bepridil 


| Slow calcium channels 

| Fast sodium channels 

t Effective refractory period of right ventricle, 

right atrium, AV node and accessory pathways 












| = decrease; f = increase; AV = atrioventricular. 


class II action. Sotalol is considered a class III 
agent, but it also has B-blocking action. 

As is the case with many other drugs with 
antiarrhythmic activity, bepridil does not fit easily 
into the present classification scheme; it should not 
be considered either a typical class I or class IV 
agent. 


ANTIARRHYTHMIC AND PROARRHYTHMIC 
ACTIONS 

As would be predicted on the basis of its 
electrophysiologic profile, bepridil has demon- 
strated activity in a variety of arrhythmias.'! The 
antiarrhythmic properties of the drug include block- 
ade of slow calcium and fast sodium channels, 
resulting in increases in the effective refractory 
period of the right ventricle, right atrium, AV 
node, and accessory pathways (Table II). Prelimi- 
nary data have suggested that bepridil is able to 
suppress nonsustained ventricular arrhythmias and 
that it might prove useful in patients with sustained 
ventricular tachycardia (VT), Wolff-Parkinson- 
White reentrant tachycardia and AV nodal reen- 
trant tachycardia.' However, approved labeling in 
the United States has restricted its use to that of an 
antianginal agent. 

Virtually all antiarrhythmic agents also have 
proarrhythmic effects. In US clinical trials assess- 
ing the use of bepridil in patients with angina, the 
incidence of serious ventricular arrhythmias (includ- 
ing torsades de pointes) was approximately 2.4%. 
In Investigational New Drug-sponsored trials in- 
volving 161 patients with ventricular arrhythmias, 
proarrhythmic effects occurred in 15 (9.3%). A 
higher incidence of proarrhythmic events would be 
expected in patients undergoing therapy for ventric- 
ular tachyarrhythmias. 

On closer analysis, however, the proarrhythmic 
effect in 7 of the 15 patients was found to consist 
simply of an increase in the number of episodes of 
nonsustained VT, and increases in the number of 
premature ventricular complexes occurred in 2 
additional patients. Thus, 60% of the listed proar- 
rhythmic events were merely an increase in nonsus- 
tained arrhythmic episodes, the significance of 
which is debatable. However, serious proarrhyth- 
mia occurred in 4 of 15 patients, 3 of whom 
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experienced syncope, presumably due to sustained 
arrhythmia, and 1 patient who had only nonsus- 
tained VT at baseline developed sustained VT 
during treatment. Sudden death occurred in 5 
additional patients, but data were insufficient to 
implicate bepridil definitively as the cause of death, 
or contributory to death. 

Among > 800 patients enrolled in US clinical 
trials, including open extensions, only 7 cases of 
torsades de pointes have been recorded, an inci- 
dence of approximately 1.0%. In France, where 
bepridil has been approved for the treatment of 
angina since 1981, spontaneous reporting of tor- 
sades de pointes has shown the incidence to be 
extremely low: 0.01%. 


QT, PROLONGATION 

Prolongation of the corrected QT (QT.) interval 
was observed in 80% of patients receiving the drug 
as antianginal therapy during US clinical trials.° 
Notably, however, only 5% of patients exhibited 
QT. increases >25% over baseline. The mean 
increase was 30 msec, and the mean percent 
increase was 8%. 

Change in the QT interval can be caused by 
many factors. In 1967, Surawicz* conducted experi- 
ments in rabbit myocardium in an attempt to 
demonstrate the relation of a ventricular action 
potential to the surface electrocardiogram. This 
work showed that the QT interval is a rough 
indication of depolarization and repolarization of 
the ventricle. Subsequent data from humans, ob- 
tained by placing a suction catheter in the right 
ventricle, showed that the duration of the monopha- 
sic action potential correlates reasonably well with 
the QT interval. In other words, changes in 
ventricular refractoriness are represented approxi- 
mately by changes in the QT interval. 

Reports in the literature have identified at least 
4 well-defined settings in which QT prolongation 
might be harmful: post-myocardial infarction,° drug- 
associated ventricular fibrillation (VF),’ long QT 
interval syndrome, and sudden infant death syn- 
drome.” 

In a 1978 report, Schwartz and Wolf® described 
the results of a study in which 55 patients were 
followed for several years after myocardial infarc- 
tion. Of 28 individuals who died suddenly, 57% had 
a mean QT, interval >440 msec prior to any 
treatment; sudden death occurred in 16 of 21 
(76%) patients with QT, >440 msec. Among 55 
healthy, age-matched controls, a mean QT, inter- 
val >440 msec was recorded in only 1 individual, 
who subsequently died suddenly. Sudden death did 





TABLE Iil Electrocardiographic Findings in Patients With and 
Without Drug-Associated Ventricular Fibrillation (VF) 


Seconds (mean + SD) 


VF No VF 


Baseline values 
QRS duration 
QT interval 
QT, interval 
Values during drug therapy 
QRS duration 
QT interval 
QT. interval 


0.10 + 0.03 
0.40 + 0.04 
0.44 + 0.04 


0.10 + 0.03 
0.40 + 0.05 
0.47 + 0.03* 


0.11 + 0.02 0.11 + 0.03 


0.43 + 0.07 0.44 + 0.05 
0.49 + 0.06 0.49 + 0.04 
*Significantly different from value for group without VF (p < 0.005). 


QT. = corrected QT; SD = standard deviation. 
Adapted from N Engi J Med.’ 


not occur in the remaining 54 control subjects, all 
of whom had QT, interval values <440 msec. This 
was one of the first studies to demonstrate that the 
QT. interval is an important risk factor for mortal- 
ity after myocardial infarction. Since that time, this 
observation has been substantiated in other stud- 
ies, 10.11 

In 1988, our group reported the results of a 
study evaluating patients with drug-associated VF.’ 
The subjects of this investigation were patients— 
being treated for nonsustained VT (n = 18), prema- 
ture ventricular complexes (n = 4), atrial fibrilla- 
tion (n = 3), or sustained VT (n = 3)—who had 
suffered cardiac arrest, usually after only a few 
days of antiarrhythmic drug therapy. Each of the 
patients was found to be in VF, resuscitated, and 
referred for further evaluation; most were taking 
quinidine at the time of cardiac arrest. A subset of 
26 patients receiving quinidine, procainamide, or 
disopyramide when cardiac arrest occurred was 
then compared with a group of patients who had 
known sustained VT (n = 19), a history of cardiac 
arrest (n = 22), or nonsustained VT (n = 21) and 
who were taking the same antiarrhythmic drugs, 
but in whom VF did not develop. 

When electrocardiographic findings in these 2 
groups were compared (Table III),’ we found that 
the QT, interval at baseline was significantly 
(p <0.005) longer in the group with VF (470 + 30 
vs 444 + 40 msec), despite the fact that almost all 
of these patients were being treated initially for 
nonsustained arrhythmias. In other words, QT, 
prolongation in this group conferred a definite risk 
of developing VF during drug therapy. In contrast, 
the amount of increase in the QT, interval was not 
predictive of this complication; the mean QT, 
interval increased by only 20 msec in the group 
with VF versus 50 msec in the group without 
VF—a difference that was not statistically signifi- 
cant. 
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t PNS; #SNS 


t SNS; PNS 


<e 
Atrial paced rate 





The idiopathic long QT interval syndrome is 
known to be associated with sudden cardiac death.® 
There appear to be several forms of this disorder, 
both hereditary and nonfamilial. The hereditary 
types are the Jervell and Lange-Nielsen syndrome 
accompanied by congenital deafness and a reces- 
sive inheritance, and the autosomal-dominant Ro- 
mano—Ward syndrome associated with normal hear- 
ing. In these patients syncope and cardiac arrest— 
caused by torsades de pointes, a malignant form of 
VT—are often precipitated by events that increase 
adrenergic tone, such as stress. 

Many other conditions, especially the presence 
of antiarrhythmic agents and hypokalemia, can 
result in a prolonged QT interval and torsades de 
pointes.'* Of note, in episodes of torsades de 
pointes occurring during 47 drug trials, the longest 
QT interval recorded during regular rhythm prior 
to torsades de pointes was usually >450 msec, 
although in 8 of 47 (17%) episodes the QT interval 
was <450 msec.!? 


Exercise 


Direct rate effect 


PR Interval 
(msec) 


Indirect ANS effect 


Heart rate 





FIGURE 1. Effects of autonomic nervous 


Contro! 


physiology of the Sinus and Atrioven- 
tricular Nodes.) 


Clinicians concerned about drug-induced QT 
prolongation should measure the QT interval dur- 
ing sinus rhythm at baseline, since the formulas for 
correcting the QT interval may yield inexact results 
when applied in the presence of considerable 
autonomic perturbation." At present, no specific 
baseline QT interval or degree of QT prolongation 
during drug therapy can be cited as the cutoff value 
for risk stratification. The “safe” upper limit of the 
QT interval during drug therapy remains unknown 
because a prolonged QT interval can be either 
antiarrhythmic or proarrhythmic, depending on 
the situation. 


ATRIOVENTRICULAR NODAL CONDUCTION 

A familiarity with AV node physiology is neces- 
sary to understand why agents such as bepridil or 
verapamil do not more commonly cause AV block. !4 
Incremental atrial pacing at rest during electrophys- 
iologic study results in a typical AV nodal function 
curve that relates increases in AV nodal conduc- 


FIGURE 2. Effects of heart rate and au- 
tonomic nervous system (ANS) on atrio- 
ventricular nodal conduction. 
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tion time (AH interval or PR interval on the 
electrocardiogram) to the paced heart rate (Figure 
1).14!5 During the baseline period, there is little 
change in AV nodal conduction, but increasing 
delays occur as pacing progresses until block is 
present. Increased sympathetic tone and de- 
creased parasympathetic tone shift the curve to the 
left, resulting in a much faster paced atrial rate 
needed to cause AV nodal block. An opposite 
effect is noted with enhanced parasympathetic and 
decreased sympathetic tone (Figure 1).'* 

Under usual circumstances, drugs such as bepri- 
dil or verapamil that depress AV nodal conduction 
minimally prolong the PR interval at rest, for this 
coincides with the “flat” or nonstressed part of the 
AV nodal function curve where there appears to be 
a substantial safety factor for conduction. 

One might postulate that the increased heart 
rate produced by exercise would produce AV block 
and that AV nodal blocking drugs could exacerbate 
this effect. However, in most patients the intrinsic 
counterbalancing mechanisms of the autonomic 
nervous system during exercise increase sympa- 
thetic and decrease parasympathetic tone and 
improve AV nodal conduction to prevent block, 
even in the presence of bepridil or verapamil 
(Figure 2). In essence, then, the PR interval shows 
little change at rest, and block does not occur with 
exercise, even in the presence of drugs such as 
verapamil or bepridil. 


CONCLUSION 

The importance of the baseline QT interval and 
degree of increase in the QT interval during drug 
therapy remains a matter of great controversy. 
Although data in selected patients suggest that 
certain agents, including bepridil, can prolong the 
QT interval, no consensus has been reached as to 
what degree of prolongation constitutes risk. Until 
more information becomes available, bepridil 
should be used cautiously or avoided in patients 
who are at risk for developing hypokalemia, which 


can exacerbate or induce a proarrhythmic state, or 
who are receiving additional antiarrhythmic ther- 
apy that can prolong the QT interval. Further, the 
drug should not be used in patients with a pro- 
longed QT interval at baseline, a history of serious 
ventricular arrhythmias such as torsades de pointes, 
or the long QT interval syndrome. As with vera- 
pamil and diltiazem, bepridil should be avoided in 
patients who have sinus node dysfunction or AV 
block classified as second-degree or higher. 
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Safety Profile of Bepridil Determined from 
Clinical Trials in Chronic Stable Angina in the 
United States 


Bramah N. Singh, MD, PhD 


Bepridil is a unique calcium antagonist with a 
broad pharmacologic profile and demonstrated 
efficacy as an antianginal agent. Data from US 
clinical trials of bepridil in 840 patients (820 with 
chronic stable angina; 20 with vasospastic an- 
gina) indicated that the drug is well tolerated. The 
most frequent adverse reactions were of gastro- 
intestinal or neurologic origin. Although bepridil 
has negative inotropic potential, a contributory 
role of the drug could not be precisely deter- 
mined in 24 cases of congestive heart failure. 
Bepridil (median dose, 300 mg/day) lengthened 
the corrected QT (QT,) interval in most patients. 
The mean increase was 7.7%. Torsades de 
pointes occurred in 7 patients, an incidence of 
approximately 1%. Prolonged QT/QT, interval, low 
serum potassium level, or use of a potassium- 
wasting diuretic was present in each case. A life- 
table analysis involving 712 patients showed a 
1-year overall survival rate of 97.1%. A 1-year 
survival rate of 97% was also determined by com- 
paring 652 bepridil-treated patients with 1,361 
matched control subjects from a data base of 
>10,000 patients referred to the Duke University 
Medical Center for cardiac catheterization. 
Based on US clinical trials, the overall safety re- 
sults indicate an acceptable safety profile of be- 
pridil when this calcium antagonist is used in the 
treatment of chronic stabie angina. 

(Am J Cardiol 1992;69:68D—74D) 
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epridil hydrochloride (HCl) is a calcium 
B antagonist that exhibits a number of unique 

pharmacologic features that have a bearing 
on its efficacy as an antianginal and anti-ischemic 
agent and on its overall side-effect profile. First, it 
exhibits a distinctive aggregate of electrophysio- 
logic effects: In low concentrations, it blocks the 
myocardial slow calcium channel; at a somewhat 
higher concentration, it blocks the outward potas- 
sium currents; at even higher concentrations, it 
blocks the fast sodium channel. The net effect of 
these actions is a slowing of fast and slow channel- 
mediated conduction and a prolongation of myocar- 
dial repolarization.' Second, the drug slows heart 
rate, due in part to its slow channel blocking 
action‘ and in part to its noncompetitive antiadren- 
ergic effects,’ also referred to as receptor-operated 
channel blockade. The mean reduction in heart 
rate during US clinical trials was approximately 3 
beats/min. Finally, unlike most calcium antago- 
nists, bepridil has a long elimination half-life 
(42 + 12 hours),° which permits once-daily admin- 
istration. 

In numerous trials, the results of which have 
been presented elsewhere in this supplement, be- 
pridil has been shown to exhibit significant antiangi- 
nal actions when compared with placebo, B block- 
ers, and other calcium antagonists.*'’ The purpose 
of this article is to discuss critically the data that 
establish the safety profile of the compound in 
patients with chronic stable angina, as determined 
by a review of the experience in clinical trials in the 
United States. 


METHODS 

The overall safety of bepridil was assessed in 
840 patients (820 with stable angina pectoris and 
20 with vasospastic angina) who received at least 1 
day of bepridil therapy. Twelve clinical studies—8 
double blind, 3 single blind, and 1 open, plus 
long-term open-extension phases—were included 
in the analysis. Data from 11 trials were pooled; 
data from a double-blind study of patients with 
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inadequate response to diltiazem were analyzed 
separately because a different dictionary was used 
to code adverse experiences. Patients were studied 
for up to 5 years, and data were not corrected for 
length of drug exposure. Demographics of the 2 
study populations are shown in Table I; the most 
frequently reported adverse reactions are pre- 
sented in Table II. For comparison, data from 
bepridil and placebo patients in the double-blind 
phases of the trials (excluding the study in diltiazem- 
refractory patients) are also provided in Table II. 


PATTERN OF ADVERSE REACTIONS 

The most common adverse experiences re- 
ported by patients in bepridil clinical studies in- 
volved the gastrointestinal and central nervous 
systems (Table II). Most of these reactions were 
mild or moderate and did not result in discontinua- 
tion of bepridil. In the double-blind angina trials 
(n = 529), the incidence of cardiovascular adverse 
reactions was low: The reactions that occurred at 
> 1% incidence were dyspnea (3.6%), palpitations 
(2.3%), and edema (1.7%). These and other cardio- 
vascular effects need to be examined in terms of 
underlying cardiovascular disease and the effects 
of bepridil. 


POTENTIAL OF BEPRIDIL TO AGGRAVATE 
CARDIAC FAILURE 

The risk of either producing or aggravating 
congestive heart failure (CHF) is a concern in 
patients receiving calcium antagonists because the 
fundamental mechanism of these agents is a block- 
ade of the slow myocardial calcium channel, inter- 
fering with excitation-contraction coupling, as re- 
ported by Dr. Fozzard elsewhere in this 
supplement.'* Thus, the hemodynamic effects of 
bepridil given intravenously or orally are clinically 
relevant. The net effects of bepridil in this regard 
are likely to reflect its calcium antagonistic proper- 
ties in the myocardium and smooth muscle of the 
peripheral vessels in conjunction with the drug’s 
property of noncompetitive adrenergic antagonism. 

Because bepridil is a relatively weak peripheral 
vasodilator, it might be expected to exert a poten- 
tially significant negative inotropic effect. Data 
from intravenous studies are consistent with this 
expectation.'>-! In patients with normal ventricu- 
lar function who were given bepridil infusions of 2 
or 3 mg/kg,!™!6 there was a significant increase in 
the left ventricular (LV) filling pressure and a 
reduction in the LV dP/dt,,., with no effect on 
heart rate and variable effects on arterial pressure, 
cardiac index, and calculated systemic resistance. 
However, minimal or no decreases in blood pres- 





TABLE I Demographic Characteristics of 840 Patients with 
> 1 Day of Bepridil Therapy in US Angina Trials 


Double-Blind and 
Long-Term Open 
Extension* 

(n = 46) 


Double-Blind Single- 
Blind, Open, Long-Term 
Open Extensions 


Characteristic (n = 793t) 


39/7 
38/6/2 


Sex (m/f) 
Race (w/b/o) 
Age (yr) 
Mean 
Range 
Weight (Ib) 
Mean 
Range 


674/119 
685/88/20 


61.7 
42-78 


59.9 
34-85 


179.0 183.5 
105.8—330.6 101.5—253.0 
*Study in patients with angina not adequately controlled by diltiazem. 


+Data not available for 1 patient. 
b = black; o = other; w = white. 


sure occurred. In a study of the hemodynamic 
effects of bepridil in 7 patients with coronary artery 
disease,!’ intravenous administration (4 mg/kg, 20 
mg/min) increased the LV end-diastolic pressure 
to 20 mm Hg from a baseline of 12 mm Hg, with an 
accompanying reduction in the LV dP/dtmax (from 
1,342 to 1,200 mm Hg/sec) and without a change in 
heart rate. Our own studies with the drug ad- 
dressed the issue of its potential negative inotropic 
effect in a subset of 22 patients with coronary 
artery disease and impaired ventricular function.'® 
The LV ejection fraction was <0.45 and 8 of the 
patients had a history of CHF, all compensated. 
The mean data are shown in Figure 1. When either 
2 or 4 mg/kg of bepridil was given intravenously, 
there was an increase in the pulmonary wedge 
pressure and a decrease in cardiac index, LV dP/dt 
and LV ejection fraction. Thus, studies with intra- 
venous bepridil indicate a potential to exert a 
negative inotropic effect and aggravate heart fail- 
ure. 

However, when bepridil is given orally in doses 
of 200-400 mg/day, the data obtained at rest and 
after exercise have rarely reflected impairment of 
ventricular performance.”!? This observation is 
consistent with a low incidence of documented 
CHF in US clinical trials of bepridil; 24 episodes of 
CHF were reported in 840 angina patients who 
received at least 1 dose of bepridil in controlled 
and open studies. A contributory role of bepridil 
could not be precisely determined in any of these 
cases. In all but 5 patients (3 of whom had a history 
of CHF), the development of CHF appeared to be 
related to a new ischemic event (10), treatment 
changes such as discontinuation of digoxin or a 
diuretic (5), or worsening of underlying coronary 
artery disease (4). There were 2 patients who did 
not have a history of CHF and for whom there was 
no identifiable precipitating event. 
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TABLE Il Incidence (Percent) of Most Frequently Reported Adverse Reactions in US Angina Trials 


Double-Blind, Single-Blind, 
Open, Long-Term Open Extensions 


Adverse 
Reaction 


Bepridil 


Dizziness 
Nausea 
Headache 
Diarrhea 
Asthenia 
Dyspepsia 
Nervousness 


*Study in patients with angina not adequately controlled by diltiazem. 


Long-Term Open Extension* 


Double-Blind and 
Double-Blindt 


Placebo 
(n = 190) 


Bepridil Bepridil 


(n = 529) 


tDouble-blind phases of all placebo- and reference drug-controlled studies except for the study in angina patients not adequately controlled on diltiazem. 


ARRHYTHMOGENIC POTENTIAL OF BEPRIDIL 
RELATIVE TO ITS ELECTROPHYSIOLOGIC 
PROFILE 

Because bepridil blocks the outward potassium 
currents, it lengthens repolarization and, hence, on 
the surface electrocardiogram, it prolongs the QT/ 
QT, interval.’ Both in vitro and in vivo studies have 
demonstrated that it depresses myocardial conduc- 
tion by blocking the fast sodium channels in the 
myocardium.*”” When bepridil at a dose of 3 
mg/kg was administered intravenously to patients 
with suspected disorders of cardiac rhythm or 
conduction, the ORS interval increased signifi- 
cantly.* Thus, bepridil’s electrophysiologic profile, 
barring its potential to block the slow calcium 
channel, resembles that of quinidine and other 
class IA antiarrhythmic agents. Clearly, similar to 
these agents, it not only has the proclivity to induce 
arrhythmias such as ventricular tachycardia (VT) 
and ventricular fibrillation (VF), but it also has 
antiarrhythmic properties. However, bepridil is not 
indicated for use as an antiarrhythmic agent, and 
its potential as an antiarrhythmic agent has not 
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been evaluated adequately by randomized clinical 
trials. 

The major issue of clinical importance is the 
precise nature and incidence of proarrhythmic 
effects that bepridil produces in patients treated 
for chronic stable angina. Data indicate that the 
drug may induce VT/VF, including torsades de 
pointes; the latter appears to be related essentially 
to prolongation of the QT interval and to hypoka- 
lemia. Several reports suggest that either intrave- 
nously or orally administered bepridil has the 
propensity to induce torsades de pointes.2!-23 
Leclercq et al”! reported a series of 16 patients in 
whom this arrhythmia developed during the oral 
administration of bepridil. These 16 cases were 
identified from patients given the drug for the 
control of angina during the first year of marketing 
in France; 13 of these patients were taking 300 
mg/day of bepridil; 3 were taking 400 mg/day. The 
average age was 76 years, and 13 of the 16 patients 
were women. The ranges for QT intervals were 
360-450 msec before bepridil treatment and 600 to 
> 700 msec afterward. On the day of or the days 


FIGURE 1. Percentage change in mea- 
sured and derived hemodynamic vari- 
ables and left ventricular ejection frac- 
tion before and after intravenous 
bepridil 2 mg/kg and 4 mg/kg. 

AO = aortic mean pressure; 

CI = cardiac index; HR = heart rate; LV 
dP/dt = left ventricular pressure 
change during systole; LVEDP = left 
ventricular end-diastolic pressure; 
LVEF = left ventricular ejection frac- 
tion; PA = mean pulmonary arterial 
pressure; PCW = mean pulmonary cap- 
illary wedge pressure; 

PVR = pulmonary vascular 

RA = mean right atrial pressure; 

SVR = systemic vascular resistance; 
SWI = stroke work index. *p <0.05; 
**p <0.01. (Adapted from Am J Car- 
diol.**) 
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before the torsades de pointes episode, serum 
potassium was <4 mEq/L in 14 patients and <3.5 
mEq/L in 7; 8 patients were taking concomitant 
diuretic therapy and 4 had reported previous 
diarrhea. These experiences in an uncontrolled 
series suggest that electrolyte disturbances may 
have contributed to the development of torsades 
de pointes in the setting of bepridil-induced OT, 
interval prolongation. However, the known electro- 
physiologic effects of the drug leave little doubt 
that bepridil has the propensity to aggravate or 
induce arrhythmia, even in the absence of hypoka- 
lemia. Nevertheless, the experience in France sug- 
gests that the overall incidence of arrhythmia is 
likely to be low,” since a large number of patients 
with angina have been exposed to the drug and the 
reported incidence of torsades de pointes has been 
relatively low. 

In the evaluation of potentially serious ventricu- 
lar arrhythmias during US clinical trials in angina 
patients, special attention was given to torsades de 
pointes: 7 cases occurred among 840 patients, 
yielding an incidence of approximately 1%. All of 
these patients had at least 1 precondition that 
would render them susceptible to development of 
torsades de pointes (Table III): 2 patients had 
baseline QT. measurements of > 0.44 sec, and 5 
demonstrated QT/QT, prolongation within 7 days 
before the arrhythmia (4 were > 25% over baseline 
and 1 was “mildly prolonged”); 6 patients were 
taking potassium-wasting diuretics, and 4 had rela- 
tively low serum potassium concentrations within 
24 hours of the arrhythmia. With regard to out- 
come, 4 patients recovered completely from the 
proarrhythmic episode, and 2 died without regain- 
ing consciousness. The condition of the seventh 
patient, who had a “mildly prolonged” QT interval 
and a potassium level of 4.8 mEq/L on the day of 
the event, stabilized, but he died 4 days later of an 
acute myocardial infarction. 

Because a prolonged QT/QT, interval is associ- 
ated with torsades de pointes in a variable percent- 
age of patients, the relation of prolonged OT/QT, 
to bepridil therapy is of practical interest to the 
clinician. Several important issues to consider are 
the incidence of QT/QT, prolongation, the rela- 
tion between QT/QT, prolongation and bepridil 
dose, the length of time from the beginning of 
bepridil therapy until QT/QT, prolongation is 
observed, the timing of stabilization of the QT/ 
QT, interval, and the time required for a prolonged 
QT/QT, interval to return to normal after discon- 
tinuation of bepridil therapy. 

Results from US clinical trials confirmed that 





TABLE Ill Cases of Torsades de Pointes in US Clinical Trials 


Daily 
Dose of Months QT/QT. 
Relevant Concomitant 


Medications 


Gesridh’ =, sof: To ae ee 
Therapy Baseline Final* (mEq/L) 


(mg) 


200 1.2 
200 11.7 
300 2.6 
300 15.4 
400 2.1 
400 37.4 
600§ Za 


*Within 7 days before event. 

tWithin 24 hours of event. 

tQT interval. 

§Hypertension trial. 

HCTZ = hydrochlorothiazide; N = normal, no additional information available; P = 
mildly prolonged, no additional information available; QT. = corrected QT; U = 
unknown. 


Furosemide, metolazone 
HCTZ, potassium chloride 
HCTZ, potassium chloride 
Metolazone 

HCTZ, potassium chloride 
Propranolol 

HCTZ, potassium chloride 


bepridil (median dose, 300 mg/day) produced 
increases in the QT and QT, intervals in most 
patients. The mean QT, prolongation was 7.7% 
greater than baseline, and QT, prolongation oc- 
curred in approximately 80% of patients. Electro- 
cardiographic data from 177 patients in a double- 
blind, parallel-group study comparing 200, 300, 
and 400 mg of bepridil with placebo were analyzed 
to determine the relation between the QT/QT, 
interval and dose.! There was a significant linear 
dose response for the QT interval but not for the 
QT, interval. In the clinical trials as a whole, 
however, prolongation of the QT/QT, interval was 
commonly related to dose, and in individual pa- 
tients the extent of the prolongation could be 
lessened by reducing the dose of bepridil. 

The timing of initial prolongation, stabilization, 
and return to normal of the QT/QT, interval can 
be anticipated based on the pharmacokinetics of 
bepridil. After oral administration of a single dose, 
peak bepridil plasma levels occur in 2-3 hours; 
after multiple doses, plasma levels increase to 
steady state in about 8 days. In 7 healthy volunteers 
studied for 3 12-day periods separated by 25-day 
washout periods, QT, prolongation occurred after 
about 3 days of bepridil therapy and then was 
stable for the next 9 days.” A study of 45 angina 
patients showed that the mean QT/QT, interval 
did not increase significantly after day 14 of ther- 
apy; however, individual patients did experience 
increases from the day 14 levels at one or more 
subsequent visits.” In 77 patients with chronic 
stable angina pectoris, evidence of QT, prolonga- 
tion was observed 14 days after bepridil therapy 
was started (the first follow-up visit), and the QT, 
returned to normal by 14 days after bepridil ther- 
apy was discontinued.’ Evidence of the long-term 
pattern of QT/QT, interval prolongation was pro- 
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4 cases of VT 


? 


Holter monitor (2 
2 cases of VT associ- 


? 


and 1 case of premature ventricular 


3 


patients for bepridil therapy and for monitoring 
2 weeks before a fatal myocardial infarc- 


their treatment. These guidelines are discussed in 


depth in another article in this supplement.?’ 
as, reported in 26 of 840 patients, consisted of 10 


Other potentially serious ventricular arrhyth- 
cases of asymptomatic VT documented during 
exercise tolerance testing or by 


of these patients remained on bepridil; 8 discontin- 
ued therapy), 5 cases of symptomatic VT (2 with 
syncope, 3 with palpitations) 

and 2 cases of VF that required cardioversion (all 
patients survived and were discharged from the 
hospital), 1 case of 4-beat VT >2 months before 
sudden death 

contractions and bigeminy documented on Holter 
tion. In addition, 1 sudden death was attributed to 
a possible ventricular arrhythmia. With regard to 
the relationship of these proarrhythmic events to 
bepridil, 13 were considered probably or possibly 
related, and 7 were considered remotely or not 
related; no determination of causality was reported 


ated with CHF or unstable angina 
by the physicians for the other 6 cases. 


of hy- 


For patients who did not begin bepridil therapy 
with a long QT interval, the QT. interval while on 


bepridil was 410-470 msec. It is noteworthy that in 
In consideration of bepridil’s propensity to pro- 


mic patients. It is conceivable that the effects of Monitor 
long the QT/QT, interval and the association of 


vided by an open trial of 158 patients who took ate 


bepridil at a median daily dose of 300 mg for up to 
mean QT, interval was 435 msec, a statistically mi 
significant prolongation from the baseline value; 
increase, but the T wave was followed by a promi- 
nent U wave with a significant prolongation of the 


QTU interval (Figure 2). This electrocardio- 


graphic change, occurring independently 
pokalemia, is identical to that occurring in hypokale- 


12 months.” The baseline mean QT. interval was 
406 msec. After 1 month of bepridil therapy, the 
the QT, interval stabilized over the subsequent 
months. 

many patients, the QT interval per se did not 
hypokalemia and bepridil are additive or even 
synergistic in creating the electrophysiologic sub- 
strate that induces a proarrhythmic effect. 
prolonged QT/QT, with torsades de pointes, guide- 
lines have been established for selecting appropri- 


FIGURE 2. Electrocardiographic appear- 


ances before (A) and during (B) chronic 
therapy with bepridil in a patient with 
chronic stable angina. 
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Proportion 
surviving 


——— Control (n=1,351) 
—— Bepridil (n=652) 


FIGURE 3. Comparison of survival in angina patients 
treated with bepridil versus a disease-matched control 


population. 


ASSESSMENT OF MORTALITY DURING 
BEPRIDIL THERAPY IN CHRONIC STABLE 
ANGINA 

The overall incidence of cardiac-related mortal- 
ity has been low in US trials designed to assess the 
use of bepridil for the treatment of angina. Among 
the 840 patients enrolled in these studies, 22 died 
following myocardial infarction, 13 from sudden or 
unobserved death, and 14 from other vascular 
causes: coronary artery bypass surgery or angio- 
plasty (5), pulmonary embolism (4), cerebrovascu- 
lar accident (3), and CHF (2). 

According to a life-table analysis of 712 pa- 
tients, among whom there were 27 cardiac-related 
fatalities, the 1-year survival rate was 97.1%. Multi- 
ple regression analysis showed the factors associ- 
ated with an increased risk of mortality to be 
previous myocardial infarction (p = 0.02), >15 
anginal attacks per week (p = 0.05), and baseline 
QT interval >0.44 sec (p = 0.06). The effects of 
the drug on mortality could not be compared with 
that of placebo over such a long duration. How- 
ever, to define the clinical significance of these 


FIGURE 4. Relationship of baseline cor- | Proportion 
rected QT (BQTc) interval and final QT. Surviving 
(FQTc) to survival in patients receiving 

bepridil for the treatment of angina. 


AB = abnormal; N = normal. 








TABLE IV Change in QT, Interval During Bepridil Therapy 


BQT, FAT. 


Group BQT./FQT, (sec) (sec) % Change 


15.91 
2.99 
4.48 

—11.71* 


0.41 
0.40 
0.47 
0.46 


0.47 
0.41 
0.49 
0.40 


N/AB (n = 206) 

N/N (n= 307) 
AB/AB (n = 82) 
AB/N (n= 22) 


*The apparent reduction in corrected QT (QT.) may relate to the development of 
prominent U wave obscuring the terminal portion of the T wave. The measurement of 
QT and QTU intervals was not standardized prospectively and was left to the discretion 
of the investigators. 

AB = abnormal; BAT, = baseline QT.; FQT, = final QT,; N = normal. 


findings better, the survival rates in 652 patients 
treated with bepridil were compared with those of 
1,351 matched controls from the Duke University 
Cardiovascular Disease Database, which contains 
baseline and follow-up data on > 10,000 patients 
referred to the Duke University Medical Center 
for cardiac catheterization. The results showed 
that the survival curves, when superimposed, were 
nearly identical (Figure 3).”° 

The relation between survival and effects on the 
QT. interval also was evaluated by classifying 
patients according to the relation between the 
baseline and final QT, (Table IV). When the QT, 
interval was abnormal at baseline and became 
normal during therapy, the survival rate remained 
unchanged (Figure 4). In contrast, there was an 
increased risk of fatality among patients whose 
QT. intervals were grossly abnormal both at base- 
line and during treatment. To define the precise 
significance of these data, survival data from a 
control group consisting of untreated patients with 
abnormal QT, intervals are required. Although 
such data are not available, post-myocardial infarc- 
tion patients with abnormal baseline OT, intervals 
(> 440 msec) are reported to have a risk of death 2 
times greater than patients with normal baseline 
QT.. It is possible that the survival curves of 
untreated patients with abnormal QT, intervals 


Deaths/pts % deaths 
6/206 29 
5/307 1.6 
6/82 73 
0/22 0 


Ari N BQTcC/AB FQTc 
m=—as N BOTc/N FATC 
e—e AB BQTIC/AB FQTe 
+—+ AB BQOTc/N FQTc 


60 120 180 240 300 360 420 480 540 600 660 720 
Time (days) 
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and bepridil-treated patients with such abnormali- 
ties might be identical. However, in the absence of 
concurrent controlled prospective observations, the 
limitation of such an inference should be emphasized. 
The available data suggest that prolonged base- 
line QT, intervals are associated with a marginally 
increased risk of mortality, but an increase in the 
QT, interval during bepridil therapy does not lead 
to an increased risk of mortality. However, the 
possibility of sudden death resulting from the 
occasional case of torsades de pointes with deterio- 
ration into irreversible VF cannot be excluded. 


CONCLUSION 

Bepridil is a unique calcium antagonist with a 
distinctive pharmacologic profile that has been 
shown to be efficacious in a large proportion of 
patients with chronic stable angina. The data from 
patients receiving bepridil over prolonged periods 
confirm the tolerability of the agent in patients 
with chronic stable angina. The most frequently 
reported adverse reactions involved the gastrointes- 
tinal and neurologic systems. 

Of particular importance are the adverse events 
of cardiovascular origin. Although intravenous stud- 
ies demonstrate that bepridil has negative ino- 
tropic potential, this effect is rarely seen with the 
oral form of the drug. Although 24 of 840 patients 
developed some degree of CHF, this appeared to 
be related to factors such as a new ischemic event 
rather than to bepridil administration. However, 
the potential of the drug to aggravate heart failure 
cannot be excluded. 

Bepridil’s complex electrophysiologic activities 
result in decreased heart rate (mean of 3 beats/min 
in clinical trials), prolonged QT, interval (mean of 
7.7% in clinical trials), and depressed conduction 
(widening of ORS interval after intravenous infu- 
sion). In light of these effects, the occurrence of 
proarrhythmic reactions received particular atten- 
tion. The overall incidence of arrhythmias, how- 
ever, has been low. Prolonged QT/QT., interval, 
low serum potassium level, or use of a potassium- 
wasting diuretic was present in the 7 reported cases 
of torsades de pointes. The fact that a long baseline 
QT, interval may be associated with an increased 
risk of fatality does not imply that bepridil-induced 
QT, prolongation is, in and of itself, a marker for 
sudden death. The 1-year mortality in the bepridil- 
treated population was 2.9%, which is comparable 
to the l-year mortality in the control series of 
patients from the Duke University Cardiovascular 
Disease Database. Guidelines have been estab- 
lished for selecting appropriate patients for bepri- 
dil therapy and for monitoring their treatment. 
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Safety of Bepridil: From Review of the European 
Data 


Philippe Coumel, MD 


In France, bepridil has been available since 1981 
for treatment of angina. Reports of arrhyth- 
mogenic effects (torsades de pointes) related to 
bepridil led to the assembly of a task force of 
physicians from France and the Netherlands. The 
task force found that the risk of torsades de 
pointes was indeed increased in elderly patients, 
especially women >70 years old, as well as in 
those taking diuretics, which can precipitate hy- 
pokalemia. Postmarketing surveillance data de- 
veloped from 1981 to 1989 have revealed 108 
validated episodes of torsades de pointes in pa- 
tients treated with bepridil. Improved patient se- 
lection has dramatically decreased the incidence 
of this complication. Several comparative clinical 
trials assessing the safety of bepridil have con- 
cluded that the drug may prolong the QT interval 
in certain patients; however, no occurrence of 
torsades de pointes was documented in these 
safety studies. The 9-year French experience 
suggests that bepridil is a safe and effective 
agent for treatment of angina pectoris in prop- 
erly selected patients. 

(Am J Cardiol 1992;69:75D—78D) 


From the Hospital Lariboisiere, Salle Charles Laubry, Paris, 
France. 

Address for reprints: Ph. Coudray, MD, Riom Laboratories 
Cerm., Tour Akzo, 164, Rue Ambroise-Croizat BP-127, 93204 
Saint-Denis Cedex 1, France. 


been available for the treatment of angina 

since 1981. Within approximately 1 year of its 
introduction, reports of arrhythmogenic effects 
(specifically, torsades de pointes) generated con- 
cern regarding the safety of this agent. 

In light of these observations, an expert task 
force of physicians from France and the Nether- 
lands was assembled to evaluate the occurrence of 
torsades de pointes in patients receiving bepridil. 
The findings of the task force, reported in 1985,! 
retrospectively identified populations of patients 
who appeared to be at increased risk. Subsequent 
modifications in the recommendations for the use 
of bepridil have resulted in an immediate and 
dramatic decrease in the incidence of torsades de 
pointes. Clinical trials have also documented a low 
overall incidence of adverse effects. 


[: France, the calcium antagonist bepridil has 


TASK FORCE FINDINGS 

From 1981 to 1985, the task force identified 68 
cases of torsades de pointes among patients receiv- 
ing bepridil': 8 deaths occurred in this group, but 
not all could be definitely related to torsades de 
pointes. In fact, as 7 deaths were separated in time 
from the occurrence of the arrhythmia, mortality 
could not be linked to either torsades de pointes or 
to the use of bepridil. Only 1 case was hs as 

“probably” related to the drug. 

Analysis of these data* suggests that the ik of 
torsades de pointes was increased in elderly pa- 
tients (61-90 years of age, with a mean of 75.8 + 7.6 
years), predominantly women. The mean time on 
drug prior to the onset of arrhythmia was 38 + 30 
days. Patients in whom torsades de pointes devel- 
oped were receiving a relatively high dosage of 
bepridil (318 + 40 mg/day), and hypokalemia (po- 
tassium < 3.5 mEq/L) was present in about 40% of 
the cases. At the time of torsades de pointes, 50% 
of the patients had sinus bradycardia <60 beats/ 
min. 

On the electrocardiogram (ECG), the most 
striking characteristics of torsades de pointes were 
the relatively low rate ( < 200 beats/min), the short 
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TABLE I Cardiac and Nencardiac Adverse Reactions in Patients 
Receiving Bepridil, Propranolol, or Placebo 


Placebo 
(n = 35) 


Adverse 
Reactions 


Bepridil 
(n = 78) 


Propranolol 
(n = 78) 
Noncardiac* Of 23 6 
Cardiact 0§ 5 0 
“Hypotension, bronchospasm, allergic reaction, Raynaud's phenomenon, fatigue, 
psychiatric problems, gastrointestinal problems. 
tSignificantly (p = 0.003) lessthan propranolol. 
Heart failure, atrioventricular block, rhythm disturbances. 


§Significantly (p = 0.03) less than propranolol. 
Adapted from Fundam Clin Pharmacol.4 


duration, and the coupling interval of 500-800 
msec.'? Despite these apparently favorable ECG 
patterns, clinical tolerance was poor. Ventricular 
fibrillation, however, was rare. 

As a result of these observations, the task force 
advised that bepridil be used with caution in 
patients > 70 years of age (particularly women) as 
well as in those taking concomitant diuretics that 
could result in hypokalemia. Further, it recom- 
mended that bepridi! be avoided in patients taking 
concomitant antiarrhythmic drugs. 


POSTMARKETING SURVEILLANCE 
Postmarketing surveillance data gathered from 
July 1981 through December 1989 revealed 108 
validated episodes of torsades de pointes, with a 
mean QT interval of 0.58 + 0.10 sec, in patients 
treated with bepridil.* Notably, however, the an- 
nual incidence of torsades de pointes decreased 
sharply as the findings of the task force were 
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translated into the clinical setting (Figure 1). Dur- 
ing the first 2 years of surveillance, this complica- 
tion developed in 1 of every 1,000 treated patients; 
thereafter, the incidence decreased more than 
10-fold, even as the number of treated patients 
rose progressively. 


CLINICAL TRIALS 

Several controlled clinical trials have been under- 
taken to evaluate the safety of bepridil as well as 
the appropriateness of the task force recommenda- 
tions concerning its use. In a multicenter, double- 
blind parallel-groups study reported in 1989, 191 
patients with severe exercise-induced angina pecto- 
ris (mean 11.3 attacks/week) were randomized to 
receive either bepridil (100-400 mg/day), proprano- 
lol (60-240 mg/day), or placebo for 24 weeks.4 
Compared with propranolol-treated patients, signif- 
icantly fewer bepridil-treated patients experienced 
cardiovascular or general side effects (i.e., hypoten- 
sion, bronchospasm, allergic reaction, fatigue, psy- 
chiatric problems, gastrointestinal effects; Table I). 

In another multicenter, double-blind, parallel- 
group trial, the incidence or aggravation of arrhyth- 
mia was evaluated in patients with angina who 
were randomized to receive either bepridil (300- 
500 mg/day) or diltiazem (180-300 mg/day) for 16 
weeks.° ECGs were obtained 14 days before initiat- 
ing therapy as well as at baseline and on days 14, 
28, 70, and 112. In addition, patients underwent 
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FIGURE 1. Decreased incidence of torsades de pointes with appropriate patient selection and monitoring. 
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24-hour Holter monitoring 14 days before treat- 
ment and again on days 70 and 112. 

To be eligible for the study, patients were 
required to have coronary insufficiency and stable 
angina in the absence of pathologic ventricular 
hyperexcitability, i.e., <1 premature ventricular 
contraction (PVC) per minute and <1,440 PVCs 
on 24-hour Holter monitoring, or a known or 
suspected history of arrhythmic disorders. 

Candidates were excluded from the trial if they 
were >70 years of age, were pregnant or not 
currently using any form of contraception, had 
received amiodarone within the previous 4 months, 
or were currently taking another antiarrhythmic 
agent. Other exclusion criteria included a heart 
rate <55 or >110 beats/min; second- or third- 
degree atrioventricular (AV) block; bifascicular or 
trifascicular bundle branch block; sick sinus syn- 
drome; a baseline QT interval >0.48 sec and/or 
the presence of a pacemaker; and a serum potas- 
sium level <3.8 mEq/L. Patients taking diuretics 
were not excluded. 

The overall incidence of adverse reactions (ex- 
cluding patients who dropped out of the study) was 
comparable in the 2 treatment groups, although 
considerably fewer cardiovascular side effects were 
reported among patients receiving bepridil (Table 
II). Among the dropouts (11 in the bepridil group, 
15 in the diltiazem group), the reasons for discon- 
tinuance of therapy were approximately equally 
divided among cardiovascular, gastrointestinal, and 
miscellaneous effects. 

The mean change in the corrected QT (QT,) 
interval was an increase of 5% in the bepridil 
group. Notably, however, the QT, interval did not 
respond identically in all patients receiving bepri- 
dil; some exhibited prolongation, whereas others 
showed no change. 

A third study, comparing bepridil (200 mg/day) 
with placebo, was directed at a specific risk group: 
angina patients > 70 years of age.° The goal of this 
trial was to provide quantitative and qualitative 
evaluations of the incidence or aggravation of 
arrhythmic effects. This 6-week, double-blind, par- 
allel-group study employed the same inclusion and 
exclusion criteria as the previously described trial, 
with the exception of age. All patients received 
nitrates in addition to either bepridil or placebo. 

ECGs were obtained 14 days before the start of 
treatment as well as at baseline, during therapy (on 
days 7, 14, and 28), and after completion of therapy 
(days 42 and 56). Evaluation by 24-hour Holter 
monitoring was also conducted 14 days prior to 
therapy, at baseline, during therapy (days 14 and 





TABLE II Incidence of Adverse Reactions in Patients Receiving 
Either Bepridil or Diltiazem* 


Adverse Reaction Bepridil Diltiazem 


Cardiovascular side effects 
Gastrointestinal side effects 
Miscellaneous side effects 


Total 40 40 
*Dropouts were not included. 
Adapted from Ann Cardiol Angeiol (Paris).° 


28), and after completion of therapy (days 42 and 
56). 

Of interest, no differences in frequency of an- 
gina or of nitrate consumption between the 2 
groups were noted. The incidence of QT prolonga- 
tion was significantly greater in the bepridil group 
than in the placebo group, but was not higher than 
in the previous study limited to patients <70 years 
of age. Again, wide interindividual variation in the 
response of the QT interval to bepridil was appar- 
ent. 

In summary, these safety studies identified QT 
prolongation in patients receiving bepridil but no 
occurrence of torsades de pointes. Further, the 
drug was associated with a low incidence of side 
effects. 

Bepridil reduced the sinus rate to a moderate, 
but significant, extent (a mean 5% decrease). 
Considerable interpatient variability was evident in 
the sensitivity to sinus bradycardia, and no relation 
to the plasma drug level was apparent. No paroxys- 
mal conduction disturbances, sinus pause, or AV 
block was observed. In addition, no significant 
differences were seen in the incidence of proar- 
rhythmic effects (torsades de pointes or PVCs) 
with bepridil compared with diltiazem or placebo. 

In addition to the 3 studies described here, 2 
other French trials have investigated the safety and 
efficacy of bepridil in various clinical settings.”* 
Overall, these 5 studies have enrolled a total of 594 
patients, 303 treated with bepridil and the remain- 
der randomized to propranolol, diltiazem, amio- 
darone, or placebo. 

In these trials, QT prolongation was observed 
routinely with treatment, but torsades de pointes 
were not noted in any patient receiving bepridil. 
Occasional increases in PVCs were seen, but an 
antiarrhythmic effect was observed more fre- 
quently. Further, increases in PVCs were more 
marked in coronary patients than in those with 
idiopathic ventricular arrhythmias. Sinus bradycar- 
dia and first-degree AV block were seen less often 
with bepridil than with the other study medica- 
tions. 
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CONCLUSION 

In the French experience, routine clinical use of 
bepridil over the past 9 years has demonstrated 
that this agent provides safe and effective treat- 
ment for patients with angina pectoris, provided 
the proper precautions for patient Speen are 
observed. 
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Bepridil Therapy: Guidelines for Patient 





Selection and Monitoring of Therapy 


Bramah N. Singh, MD, PhD 


Bepridil is a calcium antagonist with a unique 


electrophysiologic profile, a long elimination half- 
life, and demonstrated efficacy as an antianginal 
agent in the setting of chronic stable angina. It is 
well tolerated, with relatively mild gastrointesti- 
nal and neurologic side effects. A major safety 
concern with bepridil is the occurrence of ventric- 
ular arrhythmias, especially torsades de pointes 
associated with QT interval prolongation, particu- 
larly in the context of hypokalemia with concomi- 
tant diuretic therapy. An appreciation of the elec- 
trophysiologic profile of this compound and the 
setting in which potentially serious proarrhythmic 
actions occur allows the identification of patients 
in whom the drug should be avoided. Among the 
exclusionary criteria are hypokalemia or risk of 
hypokalemia, baseline corrected QT interval 
>0.44 sec, history of serious ventricular arrhyth- 
mias requiring treatment with major antiarrhyth- 
mic compounds, and concomitant use of other 
drugs that prolong the QT interval. Appropriate 
use of this effective antianginal agent requires a 
knowledge of its electrophysiology and adher- 
ence to patient selection and monitoring guide- 
lines. 

(Am J Cardiol 1992;69:79D—85D) 
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esults from 12 US clinical trials in 840 
R Eies have established that bepridil hy- 

drochloride (HCI) is an effective antiangi- 
nal agent in patients with chronic stable angina,!® 
including those who have not responded optimally 
to maximum tolerated doses of diltiazem.’ The 
side-effect profile of bepridil compares favorably 
with those of other calcium antagonists. Bepridil 
differs from other available agents by virtue of its 
long elimination half-life (42 + 12 hours), which 
allows a once-daily dosing regimen.’ 

Bepridil has unique electrophysiologic proper- 
ties that distinguish it from other antianginal agents 
such as long-acting nitrates, B adrenoceptor block- 
ers, and conventional calcium antagonists. As is 
evident from the lengthening of the QT interval, 
bepridil has the propensity to prolong myocardial 
repolarization. Given the appropriate clinical cir- 
cumstances, QT prolongation can lead to an ar- 
rhythmogenic event, especially the induction of 
ventricular tachycardia (VT), ventricular fibrilla- 
tion (VF), or torsades de pointes. The judicious 
selection of patients for therapy and careful surveil- 
lance during treatment may avert the development 
of such potentially life-threatening ventricular ar- 
rhythmias. The purpose of this article is to discuss 
the background of these proarrhythmic effects, to 
provide guidelines for identification of patients 
who may not be appropriate candidates for bepri- 
dil therapy, and to establish approaches to the 
long-term monitoring of patients receiving bepri- 
dil. 





ELECTROPHYSIOLOGIC CONSIDERATIONS 

The electrophysiologic properties of bepridil 
are complex, and an appreciation of the net effect 
of the various electrophysiologic activities forms 
the basis for appropriate use of the drug. In 
particular, knowledge of the electrophysiology en- 
ables the clinician to identify the circumstances 
under which torsades de pointes may develop and 
to understand the types of pharmacodynamic inter- 
actions that may occur when bepridil is combined 
with other cardioactive agents. 
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Bepridil’s complex pharmacologic profile has 
been demonstrated by in vitro and in vivo studies, 
electrophysiologic studies with intravenous drug, 
and clinical studies with oral drug. The electrophys- 
iologic effects of bepridil stem from its actions not 
only on the calcium channel, but also on the 
sodium and potassium channels. At oral antiangi- 
nal doses, bepridil blocks the myocardial slow 
calcium channel and the outward potassium cur- 
rents. At high intravenous doses, it blocks the fast 
sodium channel. The net effect is a slowing of both 
slow and fast channel-mediated conduction and a 
prolongation of myocardial repolarization. As a 
result of this multiplicity of actions, bepridil has 
some characteristics that are similar to, and others 
that are different from, those of other calcium 
antagonists. 

Bepridil’s actions that are clearly demonstrable 
in vitro may be modulated in vivo by reflex effects 
engendered by its vasodilatory properties.!? These 
effects are a consequence of the interaction be- 
tween bepridil’s inhibition of calcium channels in 
vascular smooth muscle!! and its intrinsic noncom- 
petitive adrenergic-inhibitory properties.'? De- 
creased automaticity of the rabbit sinus node, 
demonstrated by Kato and Singh’ and Goto and 
Sperelakis,'* is consistent with a bradycardic effect 
in experimental animals!®!5 that also is seen in 
humans.'° This decreased SA node automaticity, 
and atrioventricular (AV) nodal depression with 
the associated prolongation of the effective refrac- 
tory period reported by Vogel et al,!’? may be 
explained by bepridil’s known effects on the myocar- 
dial calcium-dependent slow channels. 

These effects are consistent with observations in 
intact animals, in which increases in the refractory 
period of the heart have been reported.!8!° On the 
basis of the experimental findings, a wide spectrum 
of electrophysiologic effects may be expected in 
humans, and the results of clinical electrophysio- 
logic studies support this assumption. For example, 
in a study in which bepridil was administered 
intravenously, it decreased sinus-cycle length, in- 
creased intranodal (AH) conduction time, and 
prolonged the effective and the functional refrac- 
tory periods of the AV node.” These effects are 
similar to those seen with verapamil or diltiazem. 

Unlike these conventional calcium antagonists, 
however, intravenous bepridil increased the atrial 
and ventricular effective refractory periods and 
prolonged both the ORS duration and the infra- 
nodal conduction time (HV interval). These effects 
are consistent with bepridil’s propensity, at high 
intravenous doses, to block the fast sodium chan- 


nels in the heart. Unlike other calcium antagonists, 
intravenously administered bepridil lengthened the 
corrected QT (QT.) interval of the surface electro- 
cardiogram.'*° This effect, which is seen at effec- 
tive antianginal oral doses, is due to the action of 
bepridil on rectifying potassium channels (J, and 
Iķı). Such an effect on repolarizing currents ac- 
counts for the duration of the action potential in 
ventricular fibers, which contributes to the ob- 
served increases in the effective refractory period 
in the myocardium. Thus, in tissues that are fast 
channel dependent for depolarization, bepridil has 
the propensity to increase the effective refractory 
period by both time-dependent and voltage- 
dependent mechanisms. 

At effective antianginal doses of oral drug, 
bepridil’s effect on the slow calcium channel, in 
conjunction with its noncompetitive antiadrenergic 
effects, reduces heart rate, and, as noted earlier, 
bepridil’s effect on potassium channels prolongs 
the QT/QT, interval. At high intravenous doses, 
bepridil blocks the sodium channel and conduction 
is delayed, but widening of the ORS interval is not 
usually seen clinically with oral dosing. Neverthe- 
less, proarrhythmic effects may stem from disor- 
ders of conduction as well as those of repolariza- 
tion, since localized changes in conduction delay 
may not be reflected in the overall increases in the 
QRS interval. Arrhythmias resulting from pro- 
longed repolarization (QT/QT,), although uncom- 
mon, appear to predominate. 


BEPRIDIL: POTENTIAL FOR SERIOUS 
VENTRICULAR ARRHYTHMIAS 

Given bepridil’s electrophysiologic profile, one 
can predict that the drug will exert both antiarrhyth- 
mic and proarrhythmic actions. The antiarrhyth- 
mic potential of bepridil has been explored to only 
a limited extent; the major clinical utility of this 
compound has been demonstrated in chronic sta- 
ble angina. When bepridil is used for this condi- 
tion, the overall incidence of proarrhythmic effects 
has been low.’! During controlled and long-term 
extension angina trials in 840 patients, 24 cases of 
VT, 2 of VF, and 7 of torsades de pointes were 
reported. Of these potentially serious ventricular 
arrhythmias, 20 were considered probably or possi- 
bly related to bepridil therapy and 7 were consid- 
ered remotely or not related; no determination of 
causality was reported by the physicians for the 
other 6 cases. 

Although all relevant clinical data are not avail- 
able for all patients, the clinical circumstances 
associated with the development of torsades de 
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TABLE I Cases of Torsades de Pointes in US Clinical Trials 


QT/QT,. 
Months of 
Therapy 


Daily Dose of 
Bepridil (mg) 


Baseline 


*Within 7 days before event. 
TWithin 24 hours of event. 
QT interval. 

§Hypertension trial. 


Final* 


K*t 


(mEq/L) Relevant Concomitant Medications 


Furosemide, metolazone 
HCTZ, potassium chloride 
HCTZ, potassium chloride 
Metolazone 

HCTZ, potassium chloride 
Propranolol 

HCTZ, potassium chloride 


HCTZ = hydochlorothiazide. N = normal, no additional information available; P = mildly prolonged, no additional information available; QT. = corrected QT; U = unknown. 


pointes (Table I) are instructive in terms of select- 
ing patients for bepridil therapy and monitoring 
them during treatment. First, 2 patients had pro- 
longed QT, intervals (> 0.44 sec) at baseline and 5 
had prolonged QT/QT, intervals during the week 
before the episode. In the 4 patients for whom data 
were available, the QT/QT, was prolonged > 25% 
over baseline. Second, 6 patients either were taking 
potassium-wasting diuretics or were hypokalemic 
(serum potassium <3.5 mEq/L) within 24 hours of 
the torsades de pointes episode. Third, torsades de 
pointes occurred at variable time intervals after the 
initiation of bepridil therapy. 

Comparative incidence of torsades de 
pointes among agents that prolong the QT inter- 
val: Given appropriate circumstances, any interven- 
tion that significantly lengthens the QT interval 
will produce torsades de pointes.*? The overall 
incidence of torsades de pointes varies with individ- 
ual agents (Table II) and is low among patients 
receiving bepridil for the treatment of chronic 
stable angina. 

The relation between the length of the QT 
interval and the risk of torsades de pointes is not 
linear in the case of most drugs.” Thus, a modest 
prolongation of QT with quinidine may commonly 
lead to torsades de pointes,” whereas a marked 
increase in the case of amiodarone is only rarely 
associated with this arrhythmia.” Further, despite 
OT prolongation with hypocalcemia or hypothyroid- 
ism, torsades de pointes is very uncommon in these 
disorders.2°-*8 The circumstances in which QT 
prolongation may be associated with torsades de 
pointes are important to understand and identify.” 

Torsades de pointes in the setting of bepridil 
therapy is probably a result of the development of 
triggering activity in the form of early after- 
depolarizations.” =! There are several circum- 
stances in which early after-depolarizations may be 
generated: for example, slow heart rate accompa- 





nied by long action potential duration; long action- 
potential duration associated with reduction in 
potassium conductance; low extracellular potas- 
sium (Or magnesium) concentration where potas- 
sium conductance is decreased, most commonly 
occurring with diuretic therapy; administration of 
drugs that are potassium channel blockers or 
calcium channel agonists such as Bay K 8644; or 
exposure to certain antiarrhythmic drugs (Table 
II). 

Thus, prolongation of the QT interval can lead 
to torsades de pointes when a set of associated 
features such as hypokalemia, hypomagnesemia, 
ventricular ectopy, bradycardia, and possibly de- 
layed conduction alters membrane stability over 
the plateau range of the action potential, leading to 
oscillations in the form of early after-depolariza- 
tions.3031 

Significance of hypokalemia: Experimental 
data suggest that the extent of the decrease in 
extracellular potassium concentration needs to be 
severe before there are low-voltage oscillations 
over the plateau range of the action potential.?? 
However, hypokalemia can readily aggravate the 
tendency for drug-induced torsades de pointes to 
develop and, indeed, may provoke torsades de 
pointes in circumstances in which this arrhythmia 


TABLE II Incidence of Torsades de Pointes with QT/QTy 
Prolonging Drugs* 


Quinidine (or other class IA agents) 
N-Acetylprocainamide 
Clofilium 10 
“Pure” class III agents 
Sematilide 
Sotalol 
Tricyclic antidepressant agents 
Bepridil: US clinical trials = 
Amiodarone 


*Figures are rough estimates from the literature. 
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Property Clinical Effects 


Fast sodium channel blockade Widens QRS, lengthens HV 


Antiadrenergic action Slows heart rate, prolongs AV nodal 
conduction 


Prolongation of repolarization Lengthens QT/QT. 


Calcium channel blockade Slows heart rate, prolongs AV nodal 


conduction 


*Pharmacokinetic interactions are inconsequential. 


TABLE Ill Basis for Pharmacodynamic Interactions* 


Considerations for 


Potential Adverse Consequences Concomitant Therapy 


Reentrant VT/VF Avoid antiarrhythmic agents (espe- 
cially classes IA and III) 

Caution with B blockers in certain 
subsets of patients 


Avoid other QT-prolonging agents, 


Bradycardia, AV block, sick sinus 
syndrome 
Torsades de pointes 


avoid hypokalemia and hypomag- 
nesemia 
Caution with B blockers 


Bradycardia, AV block, sick sinus 
syndrome 


AV = atrioventricular; QT. = corrected QT; VF = ventricular fibrillation; VT = ventricular tachycardia. 


is not otherwise particularly prone to occur. For 
example, with prolonged cardiac repolarization 
induced by potassium channel blockers (drugs that 
reduce potassium conductance), modest decreases 
in serum potassium may be sufficient for the 
development of torsades de pointes. This has been 
clearly observed in the case of sotalol, a class III 
antiarrhythmic drug, when administered in a fixed 
combination formulation with hydrochlorothia- 
zide.” It is noteworthy that, in the case of bepridil, 
the occurrence of torsades de pointes in US clinical 
trials was almost invariably associated with hypokal- 
emia or the use of potassium-wasting diuretics. 
Other investigators have made similar observa- 
tions,” which are consistent with the experience in 
France, where the recognition of this association 
and timely correction of electrolyte disturbances 
and/or the exclusion of patients prone to electro- 
lyte disturbances markedly reduced the incidence 
of torsades de pointes.*> 


PHARMACODYNAMIC INTERACTIONS 

As might be expected from bepridil’s electro- 
physiologic profile, a number of pharmacodynamic 
interactions may occur. The pharmacodynamic 
properties of bepridil, related clinical effects, possi- 
ble adverse consequences, and considerations for 
concomitant therapy are summarized in Table III. 

Bepridil’s inhibition of fast sodium channels can 
increase QRS duration and lengthen the HV 
interval, which result from conduction depression. 
Both the antiadrenergic actions and the calcium 
channel blockade produced by bepridil may slow 
heart rate and prolong AV nodal conduction time 
and refractoriness. Prolongation of repolarization 
contributes to lengthening of the QT and QT, 
intervals during bepridil therapy. The potential 
negative consequences of bepridil being used ei- 
ther at too high a dose or in an inappropriate 
clinical setting include reentrant VT/VF, bradycar- 
dia, AV block, and sick sinus syndrome. However, 


it should be noted that in US clinical trials the 
incidence of first-degree AV block was 0.2%, and 
there were no cases of second- or third-degree 
block. The potential for torsades de pointes-type 
VT is a particular concern. 


CONCOMITANT THERAPIES 

The pharmacodynamic properties of bepridil 
provide a framework for circumstances in which it 
should be combined with other drugs cautiously, if 
at all. Clearly, it should not be used with other 
drugs that have a potent depressant action on the 
fast sodium channel. Concomitant use of any of the 
class I or III antiarrhythmic drugs should be 
avoided because of possible proarrhythmic effects. 
Of particular concern are class IA agents such as 
quinidine, disopyramide, and procainamide, which 
not only inhibit sodium channels but also produce 
QT, prolongation. 

As described by Frishman et al, the combina- 
tion of bepridil with the B blocker propranolol has 
been shown to be safe and well tolerated. The fact 
that the addition of bepridil had no further depres- 
sant effect suggests that patients’ B receptors are 
maximally blocked by the B blocker at the given 
dose. It also suggests that, in the presence of B 
blockade, bepridil’s efficacy is mediated through a 
mechanism other than an antiadrenergic action. 
Nevertheless, caution is appropriate with concomi- 
tant use of bepridil and B-blocking agents because 
of the potential for sick sinus syndrome, particu- 
larly in elderly patients. Experience with diltiazem 
and verapamil in combination with B blockers has 
pointed to the risk of bradycardia, particularly in 
patients with conduction system abnormalities and 
AV block. It may apply equally well to bepridil and 
B blockers in the same or similar subsets of 
patients. 

It is clearly important to avoid the combination 
of bepridil with drugs that have additional QT- 
prolonging effects (Table II). In addition, the 
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induction of electrolyte disturbances, especially 
hypokalemia and hypomagnesemia with diuretic 
therapy, should be avoided. Potassium-sparing di- 
uretics should be used in patients requiring diuret- 
ics while on bepridil therapy. 


CRITERIA FOR PATIENT SELECTION AND 
EXCLUSION 

Bepridil is indicated in patients with chronic 
stable angina who have had a suboptimal response 
to, or are intolerant of, other therapies. Its efficacy 
has been demonstrated clearly in various clinical 
trials."° The data showing its efficacy in patients 
refractory to diltiazem’ emphasize the drug’s bene- 
ficial effect in patients who are not optimally 
controlled by other means. 

The available data indicate that bepridil should 
not be used in patients who are vulnerable to 
arrhythmogenic events (Table IV), i.e., those with 
uncontrolled hypokalemia, with a long baseline QT 
interval, or with serious ventricular arrhythmias, 
severe bradycardia, or conduction disturbances. It 
also should be avoided in patients who are receiv- 
ing antiarrhythmics or other drugs that prolong the 
QT. interval and in patients who have an advanced 
degree of AV block. 

The safety of bepridil in patients with recent 
myocardial infarction has not yet been established; 
patients who had experienced myocardial infarc- 
tions in the previous 3 months were excluded from 
8 of the 12 US clinical trials in angina patients. 
However, the emerging trials of class I antiarrhyth- 
mic drugs in patients with a history of myocardial 
infarction (6 days to 2 years before study entry) 
have suggested that these agents may have an 
increased potential for arrhythmogenesis in such 
patients.” The similarity of bepridil’s electrophysi- 
ologic properties to those of the class I antiarrhyth- 
mic agents suggests that it should not be used in 
this setting, at least until further data are available. 
Class I agents as a group appear to have potentially 
deleterious effects on survival following acute myo- 
cardial infarction.” 

Bepridil also should be avoided in patients with 
overt congestive heart failure, or those with a 
history of heart failure. In US clinical trials, pa- 
tients were excluded if they had symptoms of 
congestive heart failure classified as New York 
Heart Association (NYHA) functional class III or 
IV; bepridil is contraindicated in patients with 
uncompensated cardiac insufficiency. Bepridil has 
some negative inotropic activity, which reflects its 
antiadrenergic and calcium channel-blocking prop- 
erties. Intravenous administration of bepridil in 





TABLE IV Guidelines for Patient Selection 


Do not initiate bepridil therapy in patients with 
Hypokalemia or risk of hypokalemia 

Long baseline QT interval (> 0.44 sec) 

Serious ventricular arrhythmias 

Concomitant use of other drugs that prolong QT 
interval 

Second- or third-degree atrioventricular block 
Overt congestive heart failure 

Hypotension 

Acute myocardial infarction 



















patients with normal ventricular function improves 
ejection fraction,*® but it worsens ejection fraction 
in those with reduced left ventricular function.?! 
Nevertheless, in clinical trials of bepridil, the 
incidence of congestive heart failure has been low. 
Of 840 patients, 24 developed congestive heart 
failure during bepridil treatment, and in none of 
those could a contributory role of bepridil be 
precisely determined.*! 


GUIDELINES FOR MONITORING 

With bepridil, as with any drug that lengthens 
the OT interval, it is important to obtain a baseline 
measurement and to monitor for QT, prolonga- 
tion. Moderate QT, prolongation after initiation of 
bepridil therapy is common, but excessive prolonga- 
tion (>520 msec or >25% over baseline) should 
be avoided. Bepridil-related QT, prolongation may 
be lessened by dose reduction. In addition, serum 
electrolytes should be maintained at normal levels. 
To reduce the risk of hypokalemia and aggravation 
of a proarrhythmic state, it is important to monitor 
potassium levels. It is also important to monitor for 
the addition of any medications to the patient’s 
regimen that might augment the risk of adverse 
effects with bepridil. Diuretics, antiarrhythmics, 
and tricyclic antidepressants are of particular con- 
cern. Additionally, careful monitoring is essential 
in patients who have an extremely low heart rate or 
who are receiving other drugs that depress heart 
rate. Frequency of monitoring should be based on 
the assessed risk and, in general, should be more 
often at the beginning of therapy and with elderly 
patients. In US clinical trials, after the patient’s 
maintenance dose of bepridil was established, 
evaluations were done every 3 months. 


CONCLUSION 

Bepridil is a unique calcium antagonist that 
inhibits a multiplicity of myocardial channels. The 
effects seen after intravenous administration are a 
slowing of conduction, lengthening of refractory 
period and repolarization time, and induction of 
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AV block. However, after effective antianginal oral 
doses, heart rate reduction (mean 3 beats/min) 
and prolongation of the refractory period (mean 
OT interval increase of 0.03 sec) are seen without a 
lessening of conduction (QRS widening) or AV 
block (PR prolongation). At the same time, bepri- 
dil increases myocardial blood flow and reduces 
oxygen consumption by virtue of its myocardial and 
peripheral vascular effects. Bepridil’s long elimina- 
tion half-life and its high degree of efficacy in 
angina, often in cases refractory to other available 
therapy, make it a desirable anti-ischemic and 
antianginal agent. The salutary effects of bepridil 
need to be balanced against the small incidence of 
serious proarrhythmic effects reported in patients 
with ischemic myocardial syndromes. The fact that 
these effects are potentially lethal underscores the 
need for careful patient selection and appropriate 
monitoring. 

Extensive clinical experience with bepridil, in 
the United States!” and in Europe (particularly in 
France**), has permitted the identification of the 
factors that predispose to the development of 
serious deleterious consequences of bepridil ther- 
apy. These serious risks relate essentially to the 
drug’s electrophysiologic properties, and the most 
important is the development of VT/VF and tor- 
sades de pointes. However, these risks are predict- 
able on the basis of the drug’s propensity to block 
sodium channels (with resultant delay of conduc- 
tion) and potassium channels (with resultant pro- 
longation of repolarization). Most of the life- 
threatening occurrences of these proarrhythmic 
reactions have occurred in the setting of major 
electrolyte disturbances. Appreciating the interac- 
tion between the effects of the drug and derange- 
ments of serum electrolytes allows appropriate 
selection of patients for bepridil therapy and insti- 
tution of monitoring procedures that are likely to 
minimize the risk of proarrhythmic events in pa- 
tients with chronic stable angina. 


REFERENCES 

1. DiBianco R, Alpert J, Katz RJ, Spann J, Chesler E, Ferri DP, Larca LJ, 
Costello RB, Gore JM, Eisenman MJ. Bepridil for chronic angina pectoris: 
results of a prospective multicenter, placebo-controlled, dose-ranging study in 
77 patients. Am J Cardiol 1984;53:35-41. 

2. Hill JA, O’Brien JT, Scott E, Conti CR, Pepine CJ. Effects of bepridil on 
exercise tolerance in chronic stable angina: a double-blind, randomized, placebo- 
controlled, crossover trial. Am J Cardiol 1984;53:679-683. 

3. Narahara KA, Shapiro W, Weliky I, Park J. Evaluation of bepridil, a new 
antianginal agent: clinical and hemodynamic alterations during the treatment 
of stable angina pectoris. Am J Cardiol 1984;53:29-34. 

4. Shapiro W, DiBianco R, Thadani U, and other members of the Bepridil 
Collaborative Study Group. Comparative efficacy of 200, 300 and 400 mg of 
bepridil for chronic stable angina pectoris. Am J Cardiol 1985;55(suppl):36C— 
42C. 


5. DiBianco R, Katz RJ, Chesler E, Alpert JS, Spann JF. Long-term efficacy of 
bepridil in patients with chronic stable angina pectoris; results of a multicenter, 
placebo-controlled study of extended bepridil use. Am J Cardiol 1985;55(suppl): 
50C-S4C. 

6. Fishman WH, Charlap S, Farnham DJ, Sawin HS, Michelson EL, Craw- 
ford MH, DiBianco R, Kostis JB, Zellner SR, Michie DD, Katz RJ, Mohiud- 
din SM, Thadani U. Combination propranolol and bepridil therapy in stable 
angina pectoris. Am J Cardiol 1985;55(suppl):43C-49C. 

7. Singh BN, for the Bepridil Collaborative Study Group. Comparative efficacy 
and safety of bepridil and diltiazem in chronic stable angina pectoris refractory 
to diltiazem. Am J Cardiol 1991;68:306-312. 

8. Singh BN, Ellrodt G, Nademanee K. Calcium antagonists: cardiocirculatory 
effects and therapeutic applications. In: Hurst JW, ed. Clinical Essays on the 
Heart, vol 2. New York: McGraw-Hill, 1984:65-97. 

9. Gill A, Flaim SF, Damiano BP, Sit SP, Brannan MD. Pharmacology of 
bepridil. Am J Cardiol 1992;69(suppl):1 1D-16D. 

10. Cosnier D, Duchéne-Marullaz P, Rispat G, Streichenberger G. Cardiovas- 
cular pharmacology of bepridil (1[3 isobutoxy 2 (benzylphenyl) amino] propyl 
pyrrolidine hydrochloride) a new potential anti-anginal compound. Arch Int 
Pharmacodyn Ther 1977;225:133-151. 

11. Harder DR, Sperelakis N. Bepridil blockade of Ca**-dependent action 
potentials in vascular smooth muscle of dog coronary artery. J Cardiovasc 
Pharmacol 1981;2:906-914. 

12. Labrid C, Grosset A, Dureng G, Mironneau J, Duchéne-Marullaz P. Some 
membrane interactions with bepridil, a new antianginal agent. J Pharmacol Exp 
Ther 1979;211:546-554. 

13. Kato R, Singh BN. Effects of bepridil on the electrophysiologic properties 
of isolated canine and rabbit myocardial fibers. Am Heart J 1986;111:271-279. 
14. Goto J, Sperelakis N. Depression of automaticity of the rabbit SA node by 
bepridil and nifedipine. Eur J Pharmacol 1984;99:227-231. 

15. Beaughard M, Ferrier M, Labrid C, Lamar JC, Leboeuf J, Piris P. Studies 
on the bradycardia induced by bepridil. Br J Pharmacol 1982;75:293-300. 

16. Duchéne-Marullaz P, Kantelip J-P, Trolése J-F. Effects of bepridil, a new 
antianginal agent, on ambulatory electrocardiography in human volunteers. J 
Cardiovasc Pharmacol 1983:5:506—5 10. 

17. Vogel S, Crampton R, Sperelakis N. Blockade of myocardial slow channels 
by bepridil (CERM-1978). J Pharmacol Exp Ther 1979;210:378-385. 

18. Sassine A, Masse C, Fajuri A, Hirsch J-L, Labrid C, Puech P. Electrophysi- 
ologic effects of bepridil in the anesthetized dog studied by endocardiac elec- 
trodes. Am J Cardiol 1984;53:1707-1711. 

19. Somberg J, Torres V, Flowers D, Miura D, Butler B, Gottlieb S. Prolonga- 
tion of QT interval and antiarrhythmic action of bepridil. Am Heart J 1985;109: 
19-27. 

20. Singh BN, Nademanee K, Feld G, Piontek M, Schwab M. Comparative 
electrophysiologic profiles of calcium antagonists with particular reference to 
bepridil. Am J Cardiol 1985;55(suppl):14C-19C. 

21. Singh BN. Safety profile of bepridil determined from clinical trials in 
chronic stable angina in the United States. Am J Cardiol 1992;69(suppl):68D— 
74D. 

22. Singh BN. When is OT prolongation antiarrhythmic and when is it proar- 
rhythmic? Am J Cardiol 1989;63:867-869. 

23. Surawicz B, Knoebel SB. Long QT: good, bad or indifferent? J Am Coll 
Cardiel 1984;4:398-413. 

24. Selzer A, Wray AW. Quinidine syncope: paroxysmal ventricular fibrillation 
occurring during treatment of chronic atrial arrhythmias. Circulation 1964;30:17— 
22. 

25. Singh BN, Zipes DP, eds. Amiodarone: basic concepts and clinical applica- 
tions. 4m Heart J 1983;106(4, Part 2):787-964. 

26. Freedberg AS, Papp JG, Vaughan Williams EM. The effect of altered 
thyroid state on atrial intracellular potentials. J Physiol (Lond) 1970;207:357— 
369. 

27. Singh BN, Vaughan Williams EM. A third class of anti-arrhythmic action. 
Effects on atrial and ventricular intracellular potentials, and other pharmaco- 
logic actions on cardiac muscle, of MJ 1999 and AH 3474. Br J Pharmacol 
1970;39:675-687. 

28. Fredlund B-O, Olsson SB. Long QT interval and ventricular tachycardia of 
“torsade de pointe” type in hypothyroidism. Acta Med Scand 1983;213:231-235. 
29. Roden DM. Arrhythmogenic potential of class IHI antiarrhythmic agents: 
comparison with class I agents. In: Singh BN, ed. Control of Cardiac Arrhyth- 
mias by Lengthening Repolarization. Mt. Kisco, New York: Futura Publishing, 
1988:559-579. 

30. Levine JH, Spear JF, Guarnieri T, Weisfeldt ML, de Langen CDJ, Becker 
LC, Moore EN. Cesium chloride-induced long QT syndrome: demonstration of 
afterdepolarizations and triggered activity in vivo. Circulation 1985;72:1092- 
1103. 


84D THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 APRIL 9, 1992 


31. El-Sherif N, Zeiler RH, Craelius W, Gough WB, Henkin R. QTU prolon- 
gation and polymorphic ventricular tachyarrhythmias due to bradycardia- 
dependent early afterdepolarizations. Circ Res 1988;63:286-305. 

32. Hauswirth O, Singh BN. Ionic mechanisms in heart muscle in relation to 
the genesis and the pharmacological control of cardiac arrhythmias. Pharmacol 
Rev 1979;30:5-63. 

33. McKibbin JK, Pocock WA, Barlow JB, Scott Millar RN, Obel IWP. 
Sotalol, hypokalaemia, syncope, and torsade de pointes. Br Heart J 1984;51:157- 
162. 

34. Manouvrier J, Sagot M, Caron C, Vaskmann G, Leroy R, Reade R, 
Ducloux G. Nine cases of torsade de pointes with bepridil administration. Am 
Heart J 1986;111:1005—1007. 


35. Coumel P. Safety of bepridil: from review of the European data. Am J 
Cardiol 1992;69(suppl):75D-78D. 

36. Preliminary report: effect of encainide and flecainide on mortality in a 
randomized trial of arrhythmia suppression after myocardial infarction. N Engl 
J Med 1989;321:406-412. 

37. Singh BN. Advantages of beta blockers versus antiarrhythmic agents and 
calcium antagonists in secondary prevention after myocardial infarction. Am J 
Cardiol 1990;66(suppl):9C-20C. 

38. Zusman RM, Christensen DM, Higgins J, Boucher CA. Effects of antiangi- 
nal therapy on left ventricular systolic and diastolic performance: comparison 
of the response to bepridil, propranolol and diltiazem. Am J Cardiol 1992; 
69(suppl):25D-30D. 


A SYMPOSIUM: MANAGEMENT OF ANGINA PECTORIS 85D 





Symposium Summary 


Richard Gorlin, MD 


his symposium has faced the issues of life-style or quality of life, 

compliance, and all the factors that go into informed care of patients with 

coronary artery disease. Participants have highlighted the need for 
meticulous history-taking and personal knowledge of the patient before prescrib- 
ing any given therapy. 

The role of bepridil will be in those patients in whom we have run the gamut 
of therapeutic options: when B blockers, nitrates, and other calcium antagonists 
have failed or are not tolerated, or when procedures such as surgery or 
angioplasty have been unsuccessful or cannot be recommended. For example, 
symptoms may have recurred following bypass surgery and another surgical 
undertaking does not seem feasible. An agent such as bepridil, which adds to the 
effective range of available therapy, will be welcome. 

The participants in this symposium have elucidated what is known and not 
known of bepridil’s indications and contraindications, and they have proposed 
guidelines for the use of this agent. The cautious approach assumed here is a 
foundation for safe therapeutic application of this agent. 

Participants in the conference voiced the need for better definition and a new, 
more workable and more physiologically based classification of the antiarrhyth- 
mic drugs. A second concern was for a more accurate way of measuring the QT 
interval. 

Because of the expertise of and careful preparation by the members of this 
symposium, we have taken a step toward discerning how management of angina 
pectoris might be improved and the role that bepridil may play in that 


improvement. 
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As an adjunct to diet, after an inadequate response to 
exercise, dietary therapy, weight loss and trial of other 
pharmacologic agents (such as bile acid sequestrants 
and nicotinic acid) 


IOPID 


gemfibrozil ) $88 sip 


REDUCES THE RISK OF DEVELOPING CHD 
IN PATIENTS WITH THE TRIAD OF RISK 


LOPID is indicated as adjunctive therapy to diet for reducing the risk 

of developing coronary heart disease only in Type Ilb patients: 

e Without history of or symptoms of existing coronary heart disease 

e Who have had an hee ie response to weight loss, dietary 
therapy, exercise, and other pharmacologic agents (such as bile acid 
sequestrants and nicotinic acid, known to reduce LDL- and raise 
HDL-cholesterol) 


and 


e Who have the following triad of lipid abnormalities: low HDL-cholesterol 
levels in addition to elevated LDL-cholesterol and elevated triglycerides 


In addition: 

° The potential benefit of gemfibrozil in treating Type Ila patients with elevations of 
LDL-cholesterol only is not likely to outweigh the risks 

* LOPID is not indicated for the treatment of patients with low HDL-cholesterol as their 
only lipid abnormality 

LOPID is contraindicated in patients with hepatic or severe renal dysfunction, including 

primary biliary cirrhosis, preexisting gallbladder disease, or hypersensitivity to gemfibrozil 

LOPID may increase cholesterol secretion into the bile, leading to cholelithiasis 

Caution should be exercised when anticoagulants are given in conjunction with LOPID 
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placebo at year-5 or at year-85 is not statistically 
Chorale group in the separate WHO study at the 9 year 

heart disease related mortality showed an excess in the group originally randomized to Lopid at the 
85 year follow-up (65 Lopid versus 45 placebo noncoronary deaths) 


(p = 011), Adverse outcomes, including coronary events, were higher in gemfibrozil patients in a co i 
with a of known or 
Study. See asad hp 
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oi arora merlin or egare ECS tras The pry ay non a Ye was cardiac events 

(the sum of fatal and non fatal myocardial infarctions and sudden cardiac deaths). The hazard ratio (Lopid:placebo) h: cardiac 
f jac 


events, 12 suffered events after from the study. Of the 24 patients in the placebo group with cardiac 
events, 4 suffered events ater discontinuation from the study There were 17 cardiac deaths in Ihe Lopid gro 
in the p=0106). Ten of these deaths in the Lopid group and 


with heart disease and the triad of elevated LDL-cholesterol, elevated triglycerides, plus low HDL-cholesterol, 
id on coronary events has not been adequately studied. 
Saia g SO ie eee shani aere pops eater prevalence of 
vs 49% for the placebo group, a excess for the 
surgery was observed for the Lopid group (17 vs 11 
from the increased incidence of c observed in 
the study in the group treated with clofibrate. Both c and gemfibrozil may increase cholesterol excretion into the 
ble ecg choles. i choleliiasis is suspected, gaibiadder sce ae nln. Lopid therapy shoul te 


cell 

INDICATIONS AND USAGE section. If a significant serum lipid response is not obtained, Lopid should be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagu junction with Lopid. The 
dosage of the anti should be reduced to maintain the prothrombin time at the desired level to prevent bleeding 

j prothrombin determinations are advisable until it has been definitely determined that the 


in level has stabilized. 
Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with rhabdomyolysis, rien roy 
creatine kinase (CK) levels and inuria, leadi in a bigh proportion of cases io aoe nl NY POEN LLY ALL 
PATIENTS WHO HAD AN UNSATISFACTORY LIPID RE TO EITHER DRUG ALONE, ANY POTENTIAL LIPID 
BENEFIT OF COMBINED THERAPY WITH LOVASTATIN AND GEMFIBROZIL DOES NOT OUTWEIGH THE RISKS OF SEVERE 
MYOPATHY, RHABDOMYOLYSIS, AND ACUTE RENAL FAILURE (see Drug Interactions). The use of fibrates alone, including 
Lopid, may occasionally be associated with myositis. Patients receiving Lopid and complaining of muscle pain, tenderness, 
medical ion for myositis, including serum creatine kinase level determination. If 
myositis is or diagnosed, Lopid therapy should be withdrawn. 
6, Cataracts — bilateral cataracts occurred in 10%, and unilateral in 63% of male rats treated with gemfibrozil at 


PRECAUTIONS 

1. Initial Thera — Laboratory studies should be done to ascertain that the lipid levels are consistently abnormal. Before 
instituting Lopid Ben mek sii be mate ootko sertan AS Oa POE ful 8G vt dha 
obese patients, and control any medical problems such as diabetes mellitus and hypothyroidism that are co ibuting to 


the lipid 
2. Continued Therapy — Periodic determination of serum lipids should be obtained, and the drug withdrawn if lipid 
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3 Drug Interactions — (A) HMG-CoA reductase inhibitors: Rhabdomyolysis has occurred with combined gemfibrozil 
and vest therapy It may be seen as early as 3 wees ater ion of coreg TOF oaned he In most 
subjects who have an unsatisfactory lipid response to either drug alone, the possible benefit of combined therapy with 

lovastatin (or other HMG-CoA reductase inhi ) and gemfibrozil does not outweigh the risks of severe myopathy, rhabdo- 
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seatlcvepulants: CAUTION SHOULD 
: CAUTI BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN CONJUNCTION WITH 
THE E OF THE ANTICOAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT THE 
DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 
Mutagenesis, Impairment of Fertility — Long-term studies have been conducted in rats at 0.2 
on surface area, mg/meter’). The incidence of benign liver nodules and liver carcinomas 
was significantly increased in hi h dose male rats. The incidence of liver carcinomas increased also in low dose males, but 
isti amnor 0:1). Male rats had a dose-related and statistically significant increase of 
rats had a significant increase in the combined incidence of benign, and 


neoplasms. 
studies have been conducted in mice at 0.1 and 1 times the human dose (based on surface area). There Were 


drugs of the fibrate class when liver biopsies were com before and after treatment in the same individual 
Administration of 

in a dose-related decrease of Subsequent ( 

about eight weeks, and it was not transmitted to the offspring. 

5. Pregnancy Category C— Lopid has been shown to produce adverse effects in rats and rabbits at doses between 05 and 
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Administration of Lopid to 


rats at 06 and 2 times the human dose (based on surface area) before and th 





3. to gemfibrozil gestation caused a dose-related decrease in conception rate and, at the high dose, an increase in stilbors and a slig 
WASA ' reduction in pup weight during lactation. There were also dose-related increased skeletal variations. Anoghthalmia 
1. Because of chemical, pharmacological, and clinical similarities between gemfibrozil and clofibrate, the adverse findings but rarely. 
- with clofibrate in two large clinical studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug Administration of 06 and 2 times the human dose (based on surface area) of Lopid to female rats from gestation day 15 
Project, 1000 subjects with previous myocardial infarction were treated for five with clofibrate. There was no difference in through weaning caused dose-related decreases in birth weight and suppressions of pup growth during lactation. 
mortality the clofibrate-treated subjects and 3000 placebo-treated subjects, but twice as many clofbrate-treated Administration of 1 and 3 times the human dose (based on surface area) of Lopid to female rabbits during 0 
Subjects cholelithiasis and cholecystitis requiring surgery. In the other study, conducted by the World Health caused a dose-related decrease in litter size and at the high dose, an increased incidence of parietal bone variations. 
Organization ), 5000 subjects without known coronary 6 Nursing Mothers — It is not known whether this drug is 
heart disease were treated with clofibrate for five and excreted in human milk. Because many drugs are excreted in 
-followed one year . There was a statistically significant, human milk and because of the potential for tumorigenicity 
44%, total mortality in the clofibrate- shown for Lopid in animal studies, a decision should be made 
treated than in a arte ap whether to discontinue nursing or to discontinue the drug, 
- during the trial The excess mortality was due to a taking into account the importance of the drug to the . 
-increase in noncardiovascular causes, including malignancy, 7. Hematologic Changes — Mild hemoglobin, i 
post-cho Is, and pancreatitis. The and white blood cell have been observed in 
higher risk of clofibrate-treated subjects for gallbladder disease jonal patients following initiation of Lopid therapy. 
was , However, these levels stabilize -term administration 
Because of the more limited size of the Helsinki Heart Study, Rarely, severe anemia, leukopenia, ia, 
the observed difference in mortality from any cause between bone marrow hypoplasia have been reported. Therefore, 
the Lopid and placebo group is not statistically P e periodic blood counts are recom during the first 12 
different from the 29% in the 600-mg months of Lopid administration. 
clofibrate group in the separate WHO study at the 9 year em 1 Z1 BID 8. Liver Function — Abnormal liver function tests have been 
followup. heart disease related moray showed ‘Tablets servad occasionaly during Lopis admristaton nu 
an excess in the group originally randomized to Lopid elevations of AST (SGOT), PT), LDH, bilirubin, and 
primarily due to cancer deaths observed during the open-label alkaline phosphatase. These are usually reversible when Lopid 
i is discontinued. Therefore periodic liver function studies are 
ing the 5 year primary prevention component of the recommended and Lopid should be terminated if 
Helsi from any cause was 44 (2.2%) abnormalities persist. 
in the Lopid group and 43 (2.196) in the placebo group; including the 35 year follow-up period since the trial was completed, 9 Kidney Function —There have been reports of worsening renal insufficiency upon the addition of Lopid therapy in 
ity from any cause was 101 (499) in the Lopid group and 83 (4.1%) pico originally randomized to individuals with baseline plasma creatinine > 2.0 sh se In such patients, the use of alternative therapy should be 
placebo (hazard ratio 1.20 in favor of placebo). Because of the more limited size of the Helsinki the considered against the risks and benefits of a lower dose of Lopid. 
difference in mortality from any cause between the Lopid and 10. Use in ildren — Safety and efficacy in children and adolescents have not been established. 


ADVERSE REACTIONS 
In the double bind controled phase of the primary prevention component of tre Hast ki Heart Study, 2046 patients received 
Lopid for up to 5 years. In that study, the fo ing adverse reactions were statistically more frequent in subjects in the Lopid 


ai LOPID PLACEBO 
(N=2046) (N=2035) 
Frequency in percent of subjects 
Gastrointestinal reactions 34.2 23.8 
j 19.6 11.9 
inal pain 98 5.6 
Acute appendicitis 1.2 0.6 
ean most cases where data were available) 
Atrial fibrillation 07 0.1 
Adverse events reported by more than 1% of subjects, but without a significant difference between groups: 
Diarrhea 72 6.5 
Fatigue 38 3.5 
25 2.1 
Eczema 19 1.2 
Rash 17 13 
Vertigo 15 13 
Constipation 14 13 
12 1.1 
Gallbladder surgery was performed in 09% of Lopid and 0.5% of subjects in the primary prevention component, 


a 64% excess, which is not statistically different from the excess of bladder surgery observed in the clofibrate compared 
to the placebo group of the WHO study. Gallbladder surgery was also performed more frequently in the Lopid group 
compared to placebo (1.9% vs. 0.3%, p = 0.07) in the secondary prevention component. A statistically significant increase in 


ee na a eee ee 
Nervous system and special senses adverse reactions were more common in the Lopid group. These included 
ia, paresthesias, and taste perversion 


Additional adverse reactions that have been reported for 
| are listed below system. These are categorized according to whether a causal relationship to treatment with 


id is probable or not ished: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central Nervous System: dizziness, 
somnolence, Seon peripheral sn paral headache; Eye: blurred vision; Genitourinary: 
reer lusculoskeleal: myopathy, mare , painful extremities, arthralgia, synovitis, rhabdomyolysis (see 

RNINGS and Drug Interactions under PRECAUTIONS), Clinical r increased creatine phosphokinase, increased 
(AST [ alkaline phosphatase; Hematopoietic: anemia, 

laryngeal edema, urticaria; Integumentary: 


' 5 System: confusion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased 
n fertility, "aras ua Saag Laboratory: na ur antibody; Hematopoietic: thrombocytopenia; 

mm : -like syndrome, vasculitis; Integumentary: alopecia. 

DOSAGE AND ADMINISTRATION 


The recommended dose for adults is 1200 mg administered in two divided doses 30 minutes before the morning and 
OVERDOSAGE 

ped dat ne on no reported case of overdosage, symptomatic supportive measures should be taken should it occur. 
Lopid (Tablet 737), white, elliptical, film-coated, scored tablets, each containing 600 mg gemfibrozil, are available as follows: 
N 0071-0737:20 Bottles of 60 


N 0071-0737:30 Bottles of 500 

N 0071-0737-40 Unit dose packages of 100 (10 strips of 10 tablets each) 

Parcode® No. 737 

Storage: Store below 30° C (86° F). 
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BRIEF SUMMARY 
CARDIZEM” 
(diltiazem hydrochloride) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker. (2) patients with second- or third-degree AV block except 
in the presence of a functioning ventricular pacemaker, (3) patients 
with hypotension (less than 90 mm Hg systolic), (4) patients who 
have demonstrated hypersensitivity to the drug, and (5) patients with 
acute myocardial infarction and pulmonary congestion documented 
by x-ray on admission 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory 
periods without significantly prolonging sinus node recovery 
time, except in patients with sick sinus syndrome. This effect may 
rarely result in abnormally slow heart rates (particularly in 
patients with sick sinus syndrome) or second- or third-degree AV 
block (six of 1,243 patients for 0.48%). Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A patient with Prinzmetal's angina 
developed periods of asystole (2 to 5 seconds) after a single dose 
of 60 mg of diltiazem 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations 
hemodynamic studies in humans with normal ventricular function 
‘have not shown a reduction in cardiac index nor consistent 
negative effects on contractility (dp/dt). Experience with the use 
of CARDIZEM alone or in combination with beta-blockers in 
patients with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension 

4. Acute Hepatic Injury. In rare instances, significant elevations in 
enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, and 
other phenomena consistent with acute hepatic injury have been 
noted. These reactions have been reversible upon discontinuation 
of drug therapy. The relationship to CARDIZEM is uncertain in 
most cases, but probable in some. (See PRECAUTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is 
extensively metabolized by the liver and excreted by the kidneys and 
in bile. As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or hepatic 
function. In subacute and chronic dog and rat studies designed to 
produce toxicity, high doses of diltiazem were associated with 
hepatic damage. In special subacute hepatic studies, oral doses of 
125 mg/kg and higher in rats were associated with histological 
changes in the liver which were reversible when the drug was 
discontinued. In dogs, doses of 20 mg/kg were also associated with 
hepatic changes: however. these changes were reversible with 
continued dosing 

Dermatological events (see ADVERSE REACTIONS section) may 
be transient and may disappear despite continued use of CARDIZEM 
However, skin eruptions progressing to erythema multiforme and/or 
exfoliative dermatitis have also been infrequently reported. Should a 
dermatologic reaction persist, the drug should be discontinued 

Drug Interaction. Due to the potential for additive effects, caution 
and careful titration are warranted in patients receiving CARDIZEM 
concomitantly with any agents known to affect cardiac contractility 
and/or conduction. (See WARNINGS.) 

Pharmacologic studies indicate that there may be additive effects 
in prolonging AV conduction when using beta-blockers or digitalis 
concomitantly with CARDIZEM. (See WARNINGS.) 


A6589 


CAZAH257 


CARDIZEM 


diltiazem HC) tablets 


UNSURPASSED 





EFFICACY 





As with all drugs. care should be exercised when treating patients 
with multiple medications. CARDIZEM undergoes biotransformation 
by cytochrome P-450 mixed function oxidase. Coadministration of 
CARDIZEM with other agents which follow the same route of 
biotransformation may result in the competitive inhibition of 
metabolism. Dosages of similarly metabolized drugs, particularly 
those of low therapeutic ratio or in patients with renal and/or hepatic 
impairment. may require adjustment when starting or stopping 
concomitantly administered CARDIZEM to maintain optimum 
therapeutic blood levels 


Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers or 
digitalis is usually well tolerated. Available data are not sufficient, 
however, to predict the effects of concomitant treatment, particularly 
in patients with left ventricular dysfunction or cardiac conduction 
abnormalities 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers resulted in 
increased propranolol levels in all subjects and bioavailability of 
propranolol was increased approximately 50%. If combination 
therapy is initiated or withdrawn in conjunction with propranolol, an 
adjustment in the propranolol dose may be warranted. (See 
WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and area- 
under-the-curve (53%) after a 1-week course of cimetidine at 1,200 
mg per day and diltiazem 60 mg per day. Ranitidine produced 
smaller, nonsignificant increases. The effect may be mediated by 
cimetidine’s known inhibition of hepatic cytochrome P-450, the 
enzyme system probably responsible for the first-pass metabolism of 
diltiazem. Patients currently receiving diltiazem therapy should be 
carefully monitored for a change in pharmacological effect when 
initiating and discontinuing therapy with cimetidine. An adjustment in 
the diltiazem dose may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 healthy 
male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since there 
have been conflicting results regarding the effect of digoxin levels, it 
is recommended that digoxin levels be monitored when initiating 
adjusting, and discontinuing CARDIZEM therapy to avoid possible 
over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, conductivity, 
and automaticity as well as the vascular dilation associated with 
anesthetics may be potentiated by calcium channel blockers. When 
used concomitantly, anesthetics and calcium blockers should be 
titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24- 
month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic response 
in in vitro bacterial tests. No intrinsic effect on fertility was observed 
in rats 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice. rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal 
lethality. These doses, in some studies, have been reported to cause 
skeletal abnormalities. In the perinatal/postnatal studies, there was 
some reduction in early individual pup weights and survival rates 
There was an increased incidence of stillbirths at doses of 20 times 
the human dose or greater 

There are no well-controlled studies in pregnant women; therefore, 
use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report 
suggests that concentrations in breast milk may approximate serum 
levels. If use of CARDIZEM is deemed essential, an alternative 
method of infant feeding should be instituted 








Pediatric Use. Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to 
date, but it should be recognized that patients with impaired 
ventricular function and cardiac conduction abnormalities have 
usually been excluded 

In domestic placebo-controlled angina trials, the incidence of 
adverse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical studies of 
angina patients. In many cases, the relationship to CARDIZEM has 
not been established. The most common occurrences from these 
studies, as well as their frequency of presentation, are: edema 
(2.4%), headache (2.1%), nausea (1.9%), dizziness (1.5%), rash 
(1.3%), asthenia (1.2%). In addition, the following events were 
reported infrequently (less than 1%): 

Cardiovascular: Angina, arrhythmia, AV block (first degree) 
AV block (second or third degree—see 
conduction warning), bradycardia, bundle 
branch block, congestive heart failure, ECG 
abnormality, flushing, hypotension 
palpitations, syncope, tachycardia, ventricular 
extrasystoles. 

Abnormal dreams, amnesia, depression, gait 
abnormality, hallucinations, insomnia 
nervousness, paresthesia, personality 
change, somnolence, tremor. 


Nervous System: 


Gastrointestinal: Anorexia, constipation, diarrhea, dysgeusia 
dyspepsia, mild elevations of alkaline 
phosphatase, SGOT, SGPT, and LDH (see 
hepatic warnings), thirst, vomiting, weight 
increase. 

Dermatological: Petechiae, photosensitivity, pruritus 
urticaria. 

Other: Amblyopia, CPK elevation, dry mouth 
dyspnea, epistaxis, eye irritation 


hyperglycemia, hyperuricemia, impotence 
muscle cramps, nasal congestion, nocturia 
osteoarticular pain, polyuria, sexual 
difficulties, tinnitus. 

The following postmarketing events have been 
reported infrequently in patients receiving CARDIZEM: alopecia 
erythema multiforme, extrapyramidal symptoms, gingival 
hyperplasia, hemolytic anemia, increased bleeding time, leukopenia 
purpura, retinopathy, and thrombocytopenia. There have been 
observed cases of a generalized rash, characterized as 
leukocytoclastic vasculitis. In addition, events such as myocardial 
infarction have been observed which are not readily distinguishable 
from the natural history of the disease in these patients. A definitive 
cause and effect relationship between these events and CARDIZEM 
therapy cannot yet be established. Exfoliative dermatitis (proven by 
rechallenge) has also been reported. 


HOW SUPPLIED 
CARDIZEM” (diltiazem hydrochloride) is available in bottles of 
90 (60 mg, 90 mg, 120 mg tablets), bottles of 100 (30 mg, 60 mg, 
90 mg, 120 mg tablets), bottles of 500 (30 mg. 60 mg tablets), 
and UDIP” packages of 100. 
Issued 1/91(a) 
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CORONARY ARTERY DISEASE 


of EE NER ene SDE, ot TAS ay AY pec a T Lt SS aval Pe Pete 
Association of Patency of the Infarct-Related Coronary Artery 
with Plasma Levels of Plasminogen Activator Inhibitor Activity 
in Acute Myocardial Infarction 

Tomohiro Sakamoto, Hirofumi Yasue, Hisao Ogawa, Ikuo Misumi, and 
Takenobu Masuda 


To examine the fibrinolytic capacity in patients with acute myocardial 
infarction (AMI), baseline levels of plasma plasminogen activator inhibi- 
tor (PAI) activity and tissue-type plasminogen activator (t-PA) antigen 
were measured in 47 patients with AMI. They were classified into 3 
groups according to the patency of the infarct-related artery before and 
after thrombolytic therapy: the patent group, the recanalized group and 
the occluded group. The mean level of PAI activity was lower in the patent 
group and higher in the recanalized group and lower in the occluded group 
than in the control group; 62% of the patients in the occluded group had 
levels within range of the control group. There was no difference in the 
mean level of t-PA antigen among the 3 AMI groups. These indicate that 
there is a significant relation between the baseline plasma fibrinolytic 
capacity and the patency of the infarct-related artery before and after 
thrombolytic therapy. 


277 
Clinical, Angiographic and Anatomic Findings in Acute Severe 
ischemic Mitral Regurgitation 

Samin K. Sharma, Jonathan Seckler, Douglas H. Israel, Susan Borrico, 
and John A. Ambrose 





The clinical, angiographic and pathoanatomic characteristics of 50 con- 
secutive patients with severe ischemic mitral regurgitation are reviewed in 
this study. Eighty-four percent of patients had multivessel coronary artery 
disease involving the right and circumflex arteries. Virtually all patients 
had segmental wall motion abnormalities by left ventriculography, usually 
involving the inferior wall, whereas overall left ventricular function was 
often only mildly impaired. Surgical or necropsy inspection of the mitral 
valve showed a high incidence of posteromedial papillary muscle involve- 
ment. 


Continued on page A15 
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Wuy CONSIDER TENORMIN 
BEFORE ALL OTHER BETA BLOCKERS? 





Y Convenient, once-daily dosing for all indications 

V Effective control of blood pressure and angina 

V Cardioprotection—improving survival during and after MP” 
Y Well-tolerated 


TeNORMIN 


(atenolol) 


* Good clinical judgment suggests that patients who are dependent on sympathetic stimulation for adequate cardiac output and BP are not good candidates for beta blockade. 
In addition to patients excluded from the ISIS-1 study, those with borderline BP (ie, systolic < 120, especially if over age 60) are less likely to benefit. 
References: 1. ISIS-1 (First International Study of Infarct Survival) Collaborative Group. Randomised trial of intravenous atenolol among 16 027 cases of suspected acute myocardial 
infarction: ISIS-1. Lancet. 1986;2:57-66. 2. Glamann DB, Lange RA, Hillis LD. Beneficial effect of long-term beta blockade after acute myocardial infarction in patients without 
anterograde flow in the infarct artery. Am J Cardiol. 1991;68:150-154. 


See adjacent page for brief summary of prescribing information. 


IENORMIN 25, 50, 100 mg tablets 


(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE INSERT.) 
INDICATIONS AND USAGE: Hypertension: TENORMIN is indicated in the management of hypertension. It may be used alone or con- 
comitantly with other antihypertensive agents, particularly with a thiazide-type diuretic. 

Angina Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term management of patients with angina 
pectoris. 

Acute Myocardial Infarction: TENORMIN is indicated in the management of hemodynamically stable patients with definite or sus- 
pected acute myocardial infarction to reduce cardiovascular mortality. Treatment can be initiated as soon as the patient's clinical condi- 
tion allows. (See DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS.) In general, there is no basis for treating 
patients like those who were excluded from the ISIS-1 trial (blood pressure less than 100 mm Hg systolic, heart rate less than 50 bpm) 
or have other reasons to avoid beta blockade. As noted above, some subgroups (eg, elderly patients with systolic blood pressure below 
120 mm Hg) seemed less likely to benefit. 

CONTRAINDICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater than first degree, cardiogenic shock, 
and overt cardiac failure. (See WARNINGS.) 

WARNINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing myocardial contractility and precipitating more severe failure. In pa- 
tients who have congestive heart failure controlled by digitalis and/or diuretics, TENORMIN should be administered cautiously. Both 
digitalis and atenolol slow AV conduction. 

In patients with acute myocardial infarction, cardiac failure which is not promptly and effectively controlled by 80 mg of intravenous 
furosemide or equivalent therapy is a contraindication to beta-blocker treatment. 

In Patients Without a History of Cardiac Failure: Continued depression of the myocardium with beta-blocking agents over a period 
of time can, in some cases, lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should be fully 
digitalized and/or be given a diuretic and the response observed closely. If cardiac failure continues despite adequate digitalization and 
diuresis, TENORMIN should be withdrawn. (See DOSAGE AND ADMINISTRATION.) 


Cessation of Therapy with TENORMIN: Patients with coronary artery disease, who are being treated with TENORMIN, should be advised 
against abrupt discontinuation of therapy. Severe exacerbation of angina and the occurrence of myocardial infarction and ventricular 
arrhythmias have been reported in angina patients following the abrupt discontinuation of therapy with beta blockers. The last two 
complications may occur with or without preceding exacerbation of the angina pectoris. As with other beta blockers, when discontinuation 


of TENORMIN is planned, the patients should be carefully observed and advised to limit physical activity to a minimum. If the angina 

worsens or acute coronary insufficiency develops, it is recommended that TENORMIN be promptly reinstituted, at least temporarily. 

Because coronary artery disease is common and may be unrecognized, it may be prudent not to discontinue TENORMIN therapy 
ertension. (See DOSAGE AND ADMINISTRATION. 





Bronchospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GENERAL, NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, however, TENORMIN may be used with caution in patients with bronchospastic disease who 
do not respond to, or cannot tolerate, other antihypertensive treatment. Since beta, selectivity is not absolute, the lowest possible 
dose of TENORMIN should be used with therapy initiated at 50 mg and a beta,-stimulating agent (bronchodilater) should be made 
available. If dosage must be increased, dividing the dose should be considered in order to achieve lower peak blood levels. 

Anesthesia and Major Surgery: It is not advisable to withdraw beta-adrenoreceptor blocking drugs prior to surgery in the majority 
of patients. However, care should be taken when using ores agents such as those which may depress the myocardium. Vagal 
dominance, if it occurs, may be corrected with atropine (1-2 mg IV) 

Additionally, caution should be used when TENORMIN I.V. aon is administered concomitantly with such agents. 

TENORMIN, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its effects on the heart can be reversed 
by administration of such agents: eg, dobutamine or isoproterenol with caution (see section on OVERDOSAGE). 

Diabetes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients if a beta-blocking agent is required. Beta 
blockers may mask tachycardia occurring with = en but other manifestations such as dizziness and sweating may not be 
significantly affected. At recommended doses TENORMIN does not potentiate insulin-induced hypoglycemia and, unlike nonselective 
beta blockers, does not delay recovery of blood glucose to normal levels. 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain clinical signs og, tachycardia) of hyperthyroidism. Patients suspected 
of having thyroid disease should be monitored closely when administering TENORMIN I.V. Injection. Abrupt withdrawal of beta block- 
ade might precipitate a thyroid storm; therefore, patients suspected of TRATION) thyrotoxicosis from whom TENORMIN therapy is to 
be withdrawn should be monitored closely. (See DOSAGE AND ADMINISTRATIO 
PRECAUTIONS: General: Patients already on a beta blocker must be evaluated ns A before TENORMIN is administered. Initial and 
subsequent TENORMIN dosages can be adjusted downward depending on clinical observations including pulse and blood pressure. 
TENORMIN may aggravate peripheral arterial circulatory disorders. 

Impaired Renal Function: The drug should be used with caution in patients with impaired renal function. (SEE DOSAGE AND 
ADMINISTRATION.) 

Drug Interactions: Catecholamine-depleting drugs (eg, reserpine) may have an additive effect when given with beta-blocking agents. 
Patients treated with TENORMIN plus a catecholamine depletor should therefore be closely observed for evidence of hypotension and/ 
or marked bradycardia which may produce vertigo, syncope, or postural hypotension. 

Beta blockers may exacerbate the rebound hypertension which can follow the withdrawal of clonidine. If the two drugs are 
coadministered, the beta blocker should be withdrawn several days before the gradual withdrawal of clonidine. If replacing clonidine by 
beta-blocker therapy, the introduction of beta blockers should be delayed for several days after clonidine administration has stopped. 

Caution should be exercised with TENORMIN I.V. Injection when given in close proximity with drugs that may also have a depres- 
sant effect on myocardial contractility. On rare occasions, concomitant use of intravenous beta blockers and intravenous verapamil has 
— in serious adverse reactions, especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocardial 
infarction. 

Information on concurrent usage of atenolol and aspirin is limited. Data from several studies, ie, TIMI-II, ISIS-2, currently do not 
suggest any clinical interaction between aspirin and beta blockers in the acute myocardial infarction setting. 

While taking beta blockers, patients with a history of anaphylactic reaction to a variety of allergens may have a more severe reaction 
on repeated challenge, either accidental, diagnostic, or therapeutic. Such patients may be unresponsive to the usual doses of epineph- 
rine usec to treat the allergic reaction. 

Carcinogenesis, mor sange Impairment of Fertility Two long-term (maximum dosing duration of 18 or 24 months) rat studies 
and one iong-term (maximum d duration of 18 months) mouse study, each employing dose levels as high as 300 mg/kg/day or 
150 times the maximum wget d ed human antihypertensive dose, * did not indicate a carcinogenic potential of atenolol. A third 
(24 month) rat study, employing doses of 500 and 1,500 mg/kg/day (250 and 750 times the maximum recommended human 
antihypertensive dose*) resulted in increased incidences of benign adrenal medullary tumors in males and females, mammary 
fibroadenomas in females, and anterior pituitary adenomas and thyroid parafollicular cell carcinomas in males. No evidence of a muta- 
genic potential of atenolol was uncovered in the dominant lethal test (mouse), in vivo cytogenetics test (Chinese hamster) or Ames test 
(S typhimurium). 

Fertility of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the maximum recommended human 
dose*) was unaffected by atenolol administration. 

Animal Toxicology: Chronic studies employing oral atenolol performed in animals have revealed the occurrence of vacuolation of 
epithelia! cells of Brunner’s glands in the duodenum of both male and female dogs at all tested dose levels of atenolol (starting at 
15 mg/kg/day or 7.5 times the maximum recommended human antihypertensive dose*) and increased incidence of atrial degeneration 
of hearts of male rats at 300 but not 150 mg atenolol/kg/day (150 and 75 times the maximum recommended human antihypertensive 
dose,” respectively). 

Usage in Pregnancy: Pregnancy Category C: Atenolol has been shown to produce a dose- related increase in embryo/fetal 
resorptions in rats at doses equal to or greater than 50 mg/kg/day or 25 or more times the maximum recommended human 
antihypertensive dose.* Although similar effects were not seen in rabbits, the compound was not evaluated in rabbits at doses above 
25 mg/kg/day or 12.5 times the maximum recommended human antihypertensive dose.* There are no adequate and well-controlled 
— in pregnant women. TENORMIN should be used during pregnancy only if the potential benefit justifies the potential risk to the 

s. 

“Based on the maximum dose of 100 mg/day in a 50 kg patient. 

Nursing Mothers: Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8 when compared to the concentration in plasma. 
Caution should be exercised when TENORMIN is administered to a nursing woman. Clinically significant bradycardia has been reported 
in breast fed infants. Premature infants, or infants with impaired renal function, may be more likely to develop adverse effects. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects have been mild and transient. 

The frequency estimates in the following table were derived from controlled studies in hypertensive patients in which adverse reac- 
tions were either volunteered by the patient (US studies) or elicited, eg, by checklist (foreign studies). The reported frequency of elicited 
adverse affects was higher for both TENORMIN and placebo-treated patients than when these reactions were volunteered. Where fre- 
quency of adverse effects of TENORMIN and placebo is similar, causal relationship to TENORMIN is uncertain. 


Total - Volunteered 
Volunteered and Elicited 
(US Studies) (Foreign + US Studies) 
Atenolol Placebo Atenolol Placebo 
(n = 164) (n = 206) (n = 399) (n = 407) 
% % % % 
re A , i 9 
radycardia 
Cold Extremities 0 0.5 12 5 
Postural Hypotension 2 1 4 5 
Leg Pain 0 0.5 3 1 
CENTRAL NERVOUS SYSTEM/ 
NEUROMUSCULAR 
Dizziness 4 1 13 6 
Vertigo 2 0.5 2 0.2 
Light-headedness 1 0 3 0.7 
Tiredness 0.6 0.5 26 13 
Fatigue 3 1 6 5 
Lethargy 1 0 3 0.7 
Drowsiness 0.6 0 2 0.5 
i 0.6 0.5 12 9 
Dreaming 0 0 3 1 
GASTROINTESTINAL 
Diarrhea 2 0 3 2 
Nausea 4 1 3 1 
RESPIRATORY (see WARNINGS) 
Wheeziness 0 0 3 3 
0.6 1 6 4 


+o E Infarction: In a series of investigations in the treatment of acute myocardial infarction, bradycardia and 
hypotension occurred more commonly, as expected for any beta blocker, in atenolol-treated patients than in control patients. However, 
these usually responded to atropine and/or to withholding further dosage of atenolol. The incidence of heart failure was not increased 
by atenolol. Inotropic agents were infrequently used. The reported frequency of these and other events occurring during these investi- 
gations is given in the following table. 
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In a study of 477 patients, the following adverse events were reported 


! During postmarketing experience with TENORMIN, 
during either intravenous and/or oral atenolol administration: 


the following have been reported in temporal relation- 
ship to the use of the drug: elevated liver enzymes and/ 





Conventional Therapy Conventional or bilirubin, headache, impotence, Peyronie's disease 
ir- — bea A psoriasiform rash or exacerbation of psoriasis, 
ee. oe ae purpura, reversible alopecia, and thrombocytopenia. 
Bradycardia 43 (18%) 24 (10%) TENORMIN, like other beta blockers, has been associ- 
Hypotension 60 (25% 34 (15%) ated with the development of antinuclear antibodies 
Bronchospasm 3 (1.2% (0.9%) ANA) and lupus <span 
Heart Failure 46 (19% 56 (24%) TENTIAL ADVERSE EFFECTS: In addition, a variety 
Heart Block 11 (4.5%) 10 (4.3%) of adverse effects have been reported with other beta- 
BBB + Major Axis Deviation 16 (6.6%) 28 (12%) adrenergic secon ees and may be considered 
Supraventricular Tachycardia 28 (11.5%) 45 (19%) potential adverse effects of TENORMIN. 
Atrial Fibrillation 12 (5%) 29 (11%) Hematologic: Agranulocytosis. 
Atrial Flutter 4 (1.6%) 7 (3%) Allergic: Fever, combined with aching and sore 
Ventricular Tachycardia 39 (16%) 52 (22%) throat, laryngospasm, and respiratory distress. 
Cardiac Reinfarction 0 (0%) 6 (2.6%) _ Central Nervous System: Reversible mental depres- 
Total Cardiac Arrests 4 (1.6% 16 (6.9%) sion progressing to catatonia; visual disturbances; 
Nonfatal Cardiac Arrests 4 (1.6% 12 (5.1%) hallucinations; an acute reversible syndrome character- 
Deaths 7 (2.9% 16 (6.9%) ized by disorientation of time and place; short-term 
Cardiogenic Sheck 1 (0.4%) 4 (1.7%) memory loss; emotional lability with slightly clouded 
Development of Ventricular sensorium; and, decreased performance on 
Septal Defect 0 (0%) 2 (0.9%) neuropsychometrics. 
Development of Mitral _ Gastrointestinal: Mesenteric arterial thrombosis, 
Regurgitation 0 (0%) 2 (0.9%) ischemic colitis. 

Renal Failure 1 (0.4%) 0 (0%) Other: Erythematous rash, Raynaud's phenomenon. 
Pulmonary Emboli 3 (1.2%) 0 (0%) Miscellaneous: There have been reports of skin 


rashes and/or dry eyes associated with the use of beta- 
adrenergic blocking drugs. The reported incidence is 
small, and in most cases, the symptoms have cleared 
when treatment was withdrawn. Discontinuance of the 
drug should be considered if any such reaction is not 
otherwise explicable. Patients should be closely moni- 


In the subsequent International Study of Infarct Survival (ISIS-1) 
including over 16,000 patients of whom 8,037 were randomized to receive 
TENORMIN treatment, the dosage of intravenous and subsequent oral 
TENORMIN was either discontinued or reduced for the following reasons: 


Reasons for Reduced Dosage tored following cessation of therapy. (SEE DOSAGE 
IV Atenolol ! AND ADMINISTRATION.) 

Reduced Dose Oral Partial The oculomucocutaneous syndrome associated with 
S E. Pea ae pua has not m reported with 
Hypotension/Bradycardia 105 (1.3%) 1168 (14.5%) EE S E E 
imet E o Ea apea a ae 
st san rll 5 (es 28 een subsequent ra resolution or quiescence of the n. 
rou txoom) S (o 1 rs) HERUBEAEE un EN as teen 
Cardiac Failure r the = En 5.9. One death was reported ina man who ma have 
= : me e- vont taken as much as 10g acutely s 
TREA ( re The predominant symptoms reported following 

Full dosage was 10 mg and some patients received less than 10 mg but TENORMIN overdose are lethargy, disorder of respira- 
more than 5 mg. tory drive, wheezing, sinus pause, and bradycardia. 


Additionally, common effects associated with overdosage of any beta-adrenergic blocking agent and which might also be expected in 
TENORMIN overdose are congestive heart failure, hypotension, bronchospasm and/or hypoglycemia. 

Treatment of overdose should be directed to the removal of any unabsorbed drug by induced emesis, gastric lavage, or administra- 
tion of activatec charcoal. TENORMIN can be removed from the general circulation by hemodialysis. Other treatment modalities should 
be employed at the physician's discretion and may include: 

BRADYCARDIA: Atropine intravenously. If there is no response to vagal blockade, give isoproterenol cautiously. In refractory cases, 

a transvenous cardiac pacemaker be indicated. 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacemaker. 

CARDIAC FAILURE: Digitalize the patient and administer a diuretic. Glucagon has been reported to be useful. 

HYPOTENSION: Vasopressors such as dopamine or norepinephrine (levarterenol). Monitor blood pressure continuously. 

BRONCHOSPASM: A beta, stimulant such as isoproterenol or terbutaline and/or aminophylline. 

HYPOGLYCEMIA: Intravenous glucose. 

Based on the -a of symptoms, management may require intensive support care and facilities for applying cardiac and 
respiratory support. 

DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg given as one tablet a day either alone or added 
to diuretic therapy. The full effect of this dose will usually be seen within one to two weeks. If an optimal response is not achieved, the 
dosage should be increased to TENORMIN 100 mg given as one tablet a day. Increasing the dosage beyond 100 mg a day is unlikely to 
produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including thiazide-type diuretics, hydralazine, 
prazosin, and aipha-methyldopa. 

Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. If an optimal response is not achieved within one 
week, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Some patients may require a dosage of 200 mg 
once a day for optimal effect. 

Twenty-four hour contro! with once daily dosing is achieved by giving doses larger than necessary to achieve an immediate 
maximum effect. The maximum early effect on exercise tolerance occurs with doses of 50 to 100 mg, but at these doses the effect at 
24 hours is attenuated, averaging about 50% to 75% of that observed with once a day oral doses of 200 mg. 

Acute Myocardial Infarction: In patients with definite or suspected acute myocardial infarction, treatment with TENORMIN I.V. 
Injection should be initiated as soon as possible after the patient's arrival in the hospital and after eligibility is established. Such treat- 
ment should be initiated in a coronary care or similar unit immediately after the patient's hemodynamic condition has stabilized. Treat- 
ment should begin with the intravenous administration of 5 mg TENORMIN over 5 minutes followed by another 5 mg intravenous 
injection 10 minutes later. TENORMIN I.V. Injection should be administered under carefully controlled conditions including monitoring 
of blood pressure, heart rate, and electrocardiogram. Dilutions of TENORMIN I.V. Injection in Dextrose Injection USP, Sodium Chloride 
pau = or Sodium Chloride and Dextrose Injection may be used. These admixtures are stable for 48 hours if they are not used 
immediately. 

In patients who tolerate the full intravenous dose (10 mg), TENORMIN Tablets 50 mg should be initiated 10 minutes after the last 
intravenous dose followed by another 50 mg oral dose 12 hours later. Thereafter, TENORMIN can be given orally either 100 mg once 
daily or 50 mg twice a day for a further 6-9 or until discharge from the hospital. If bradycardia or hypotension requiring treatment 
or any other untoward effects occur, TENORMIN should be discontinued. 

Data from other beta blocker trials suggest that if there is any question concerning the use of IV beta blocker or clinical estimate that 
there is a contraindication, the IV beta blocker may be eliminated and patients fulfilling the safety criteria may be given TENORMIN 
Tablets 50 mg twice daily or 100 mg once a day for at least seven days (if the IV dosing is excluded). 

Although the demonstration of efficacy of TENORMIN is based entirely on data from the first seven postinfarction days, data from 
other beta blocker trials suggest that treatment with beta blockers that are effective in the postinfarction setting may be continued for 
one to three if there are no contraindications. 

TENORMIN is an additional treatment to standard coronary care unit therapy. 

Elderly Patients or Patients with Renal impairment: TENORMIN is excreted by the kidneys; consequently dosage should be ad- 
justed in cases of severe impairment of renal function. Some reduction in dosage may also be appropriate for the elderly, since de- 
creased kidney function is a physiologic consequence of aging. Atenolol excretion would be to decrease with advancing age. 

No significant accumulation of TENORMIN occurs until creatinine clearance falls below 35 mL/min/1.73m*. Accumulation of atenolol 
and prolongation of its half-life were studied in su with creatinine clearance between 5 and 105 mL/min. Peak plasma levels were 
significantly increased in subjects with creatinine clearances below 30 mL/min. 

i The recip maximum oral dosages are recommended for elderly, renally-impaired patients and for patients with renal impairment 
ue to other causes: 


Atenolol 
Creatinine Clearance Elimination Half-Life 
(mL/min/1 73m) (h) Maximum Dosage 
15-35 16-27 50 mg daily 
<15 >27 


25 mg 

Some renally-impaired or elderly patients being treated for hypertension may require a lower ‘cea of TENORMIN: 25 mg 
given as one tablet a day. aaria feces used, assessment of efficacy must be made carefully. This should include measurement 
of blood pressure just prior to the next dose (“trough” blood pressure) to ensure that the treatment effect is present for a full 24 hours. 

Although a similar dosage r o_o considered for elderly and/or renally-impaired patients being treated for indications 
other than hypertension, data are not for these patient populations. 

Patients on hemodialysis should be given 25 mg or 50 mg after each dialysis; this should be done under hospital supervision as 
marked falls in blood pressure can occur. 

Cessation of in Patients with Angina Pectoris: If withdrawal of TENORMIN therapy is planned, it should be achieved 
gradually and patients should be carefully observed and advised to limit physical activity to a minimum. 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, whenever 
solution and container permit. 
HOW SUPPLIED 


TENORMIN Tablets: Tablets of 25 mg atenolol, NDC 0310-0107 (round, flat, uncoated white tablets with “T” debossed on one side and 
107 debossed on the other side) are supplied in bottles of 100 l 
Tablets of 50 mg atenolol, NDC 0310-0105 (round, flat, uncoated white tablets identified with ICI debossed on one side and 105 
debossed on the other side, bisected) are supplied in bottles of 100 tablets and 1000 tablets, and unit dose packages of 100 tablets. 
These tablets are distributed by ICI Pharma. 
Tablets of 100 mg atenolol, NDC 0310-0101 (round, flat, uncoated white tablets with ICI debossed on one side and 101 debossed on 
the other side) are su; plied in botties of 100 tablets and unit dose packages of 100 tablets. These tablets are distributed by ICI Pharma. 
NORMAN LY" Injection room temperature, 15°-30°C (59°-86°F). Dispense in well-closed, light resistant containers. 
TENORMIN I.V. e ara NDC 0310-0108, is supplied as 5 mg atenolol in 10 mL ampules of isotonic citrate-buffered aqueous solution. 
Protect from light. Keep aripules in outer packaging until time of use. Store at room temperature. 
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Pe en te i Sa NT ee a ee 
Effects of Anger on Left Ventricular Ejection Fraction in 
Coronary Artery Disease 

Gail Ironson, C. Barr Taylor, Michael Boltwood, Thomas Bartzokis, 
Charles Dennis, Margaret Chesney, Susan Spitzer, and George M. Segall 


This study examined the effects of several psychological stressors and 
exercise on ejection fraction (EF) changes using radionuclide ventriculog- 
raphy. Twenty-seven subjects underwent both exercise (bicycle) and psy- 
chological stressors (mental arithmetic, recall of an incident that elicited 
anger, giving a short speech) during which EF, blood pressure, heart rate 
and ST-segment were measured. Eighteen subjects had 1-vessel coronary 
artery disease (CAD) and 9 served as healthy control subjects. Anger 
recall reduced EF more than exercise and other psychological stressors. 
Respective changes in EF for the CAD patients were —5% during anger 
recall, +2% during exercise, 0% during mental arithmetic and 0% during 
speech stressor. More patients with CAD had a clinically significant 
reduction in EF (27%) during anger (7 of 18) than during exercise (4 of 
18). In this population of CAD patients, anger was a potent psychological 
stressor. 


cee Rice es ft lel? ne he PPS) eh et De ORL vb ge Sha E ® 
Effects of 8:00 A.M. and 2:00 P.M. Doses of Isosorbide-5- 
Mononitrate During Twice-Daily Therapy in Stable Angina 
Pectoris 

Udho Thadani and Neville Bittar 


“Trough” plasma concentrations of isosorbide-S-mononitrate (IS-5- 
MN), an active metabolite of isosorbide dinitrate, of <95 ng/ml are 
considered necessary to prevent development of tolerance to isosorbide 
dinitrate and IS-5-MN. Eighteen patients with stable exertional angina 
pectoris were studied who in a random order received either placebo or IS- 
5-MN (20 mg) at 8 A.M. and 2 P.M. for 1 week each. Average trough 
plasma IS-5-MN concentrations before the 8 A.M. (i.e., 18 hours after 2 
P.M. dose received the day before) and 2 P.M. (6 hours after 8 A.M. dose) 
doses were 67 and 226 ng/ml, respectively, and increased to 382 and 488 
ng/ml 2 hours after the 8 A.M. and 2 P.M. doses, respectively. However, the 
increases in exercise duration (1.21 minutes [21%] vs 1.08 minutes [19%]) 
and reductions in standing systolic blood pressure (21 mm Hg [15%] vs 19 
mm Hg [14%]) at 2 hours after the 2 doses were similar. Thus, circulatory 
and antianginal effects of IS-5-MN during chronic, eccentric, twice-daily 
therapy are not dependent on a given level of trough plasma IS-5-MN 
concentration, but are due to a rapid and substantial increase in plasma 
concentration after each dose. 


MO inde ae aar DA A 2k BOR ASS SE ee + T VE 
Background and Methods for the Lovastatin Restenosis Trial 
After Percutaneous Transluminal Coronary Angioplasty 

William S. Weintraub, Stephen J. Boccuzzi, Charles L. Brown lll, Caryn L. 
Cohen, Laurence J. Hirsch, Spencer B. King Ill, R. Wayne Alexander, and 
the Lovastatin Restenosis Trial Study Group 


The ability of both pretreatment and aggressive lipid lowering with lovas- 
tatin to reduce restenosis after angioplasty is being evaluated. Patients are 
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randomly assigned to pretreatment with lovastatin, 40 mg twice daily, or 
placebo from 1 week before angioplasty until follow-up coronary arteriog- 
raphy at 6 months. A total of 360 patients with complete angiographic 
follow-up will be analyzed. The incidence of restenosis, defined as a return 
to >50 diameter stenosis in patients having had successful angioplasty, at 
4 to 6 months will be assessed in both groups with quantitative coronary 
angiography in a core laboratory unaware of the clinical information. The 
design of this trial is aimed at providing definitive information on the 
effects of lovastatin monotherapy in preventing restenosis after coronary 
angioplasty. 


300 
Usefulness of Left Ventricular Size and Function in Predicting 
Survival in Chronic Dialysis Patients with Diabetes Mellitus 
Larry A. Weinrauch, John A. D'Elia, Ray E. Gleason, Linda A. Hampton, 
Sherry Smith-Ossman, Regis A. DeSilva, and Richard W. Nesto 





Eighty-two diabetic patients on maintenance dialysis were followed for a 
mean of 25 months for cardiac and noncardiac complications. Echocar- 
diographic evidence for left ventricular (LV) wall motion abnormalities 
was associated with a marked decrease in survival. Thirty-seven patients 
with normal LV wall motion and internal diameter survived a mean of 
35.8 months; 7 patients with normal LV wall motion but dilated LV 
cavities had a mean survival of 45.7 months. By contrast, 15 patients with 
abnormal LV wall motion and normal LV internal dimensions survived a 
mean of 17 months; 23 patients with abnormalities of both LV wall motion 
and cavity size survived a mean of 7.8 months. Although clinical history of 
angina together with an abnormal standard electrocardiogram did not 
predict reduced survival, the echocardiographic abnormalities predicted a 
high-risk group. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Oe Nn a a ee 
Prospective Comparison of Biphasic and Monophasic Shocks 
for Implantable Cardioverter-Defibrillators Using Endocardial 
Leads 

Sanjeev Saksena, Huanlin An, Rahul Mehra, Paul DeGroot, Ryszard B. 
Krol, Edward Burkhardt, Davendra Mehta, and Thampi John 


The clinical efficacy and electrical characteristics of bidirectional mono- 
phasic and biphasic shocks were evaluated to determine the optimal shock 
waveform for endocardial lead systems used in implantable defibrillators. 
Thirty-three patients with ventricular tachycardia (VT) or ventricular 
fibrillation were studied using a new endocardial cardioversion-defibrilla- 
tion lead system. Three different shock waveforms were studied. The 
efficacy of 580 V sequential and simultaneous monophasic shocks for fast 
monomorphic VT was comparable (p >0.2), but sequential shocks had 
significantly lower efficacy in polymorphic VT or ventricular fibrillation 
(p <0.05). Simultaneous biphasic shocks had comparable efficacy to 
simultaneous monophasic shocks at 580 V (p >0.2), but had significantly 
greater efficacy (p <.001) for shocks <550 V. Single-shock defibrillation 


Continued on page A18 
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thresholds were significantly lower for simultaneous biphasic (9 + 5 J) 
than for monophasic (15 + 4 J; p <0.02) shocks. Shock impedance was 
unrelated to clinical results of shock therapy for all waveforms. It is 
concluded that simultaneous biphasic shocks should be used in preference 
to monophasic shocks for implantable cardioverter-defibrillators with en- 
docardial lead systems. 


i A eee 
Comparison of Decremental and Burst Overdrive Pacing as 
Treatment for Ventricular Tachycardia Associated with 
Coronary Artery Disease 

James R. Cook, James B. Kirchhoffer, Thomas F. Fitzgerald, and 

Debra A. Lajzer 


Three modes of antitachycardia overdrive pacing were prospectively eval- 
uated for efficacy in terminating episodes of ventricular tachycardia (VT). 
Overdrive antitachycardia pacing was effective in terminating 78% of VT 
episodes in 93% of patients in the study with only a 6.4% VT acceleration 
rate. Synchronized burst pacing and a form of autodecremental pacing 
incorporating a 10 ms interstimulus decrement were effective and compa- 
rable therapies. Each was superior to a pacing mode using a 5 ms inter- 
stimulus decrement and no difference in tachycardia acceleration was 
noted with the “less aggressive” overdrive pacing mode. Tachycardia 
measures, including cycle length, cycle length variability and duration of 
the tachycardia were not associated with tachycardia conversion or accel- 
eration. Antiarrhythmic therapy prolonged the tachycardia cycle length 
but did not significantly alter VT termination efficiency for the 3 pacing 
methods. This study indicates that overdrive pacing is an acceptable form 
of therapy for VT and further analysis of tachycardia episodes is necessary 
to identify pace terminability. 
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Establishment of Signal-Averaged Electrocardiographic 
Criteria with Frank XYZ Leads and Spectral Filter Used Alone 
and in Combination with Ejection Fraction to Predict Inducible 
Ventricular Tachycardia in Coronary Artery Disease 

Stephen C. Hammill, Patrick J. Tchou, Michael G. Kienzle, W. Kenneth 
Haisty, Yuko Ozawa, and Donald A. Underwood 


New signal-averaged electrocardiographic criteria were developed for cor- 
rected Frank XYZ leads with a spectral filter and then used alone and in 
combination with ejection fraction to predict ventricular tachycardia 
(VT) inducibility at electrophysiologic testing. Signal-averaged electro- 
cardiographic variables characterizing 87 control subjects and separating 
182 patients with and without VT were filtered QRS duration <120 ms, 
low-amplitude signal duration <38 ms and root-mean-square voltage >20 
uv. The risk of VT was 20% if signal-averaged electrocardiography was 
normal and 85% if 22 variables were abnormal. Signal-averaged electro- 
cardiography in combination with ejection fraction improved the predic- 
tive accuracy. In conclusion, signal-averaged electrocardiographic criteria 
with Frank XYZ leads and a spectral filter produced results similar to 
those reported for uncorrected bipolar XYZ leads with a Butterworth 
filter. Signal-averaged electrocardiography was a better predictor of VT 
inducibility than was ejection fraction. 
Continued on page A23 
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INDICATIONS AND USAGE . 
RYTHMOL (propafenone HCI) is indicated for the treatment of documented ventricular arrhythmias, such as 
sustained ventricular tachycardia, that in the judgement of the physician, are life-threatening. Because of the 
proarrhythmic effects of RYTHMOL, its use should be reserved for patients in whom, in the opinion of the 
physician, the benefits of treatment outweigh the risks. The use of RYTHMOL is not recommended for use in 
patients with less severe ventricular arrhythmias, even if the patients are symptomatic. Use of RYTHMOL for 
the treatment of sustained ventricular tachycardia, like other antiarrhythmics, should be initiated in the 
hospital. 
CONTRAINDICATIONS 
RYTHMOL (propafenone HCI) is contraindicated in the presence of uncontrolled congestive heart failure, 
cardiogenic shock, sinoatrial, atrioventricular and intraventricular disorders of impulse generation and/or 
conduction (e.g., sick sinus node syndrome, atrioventricular block) in the absence of an artificial pacemaker, 
bradycardia, marked hypotension, bronchospastic disorders, manifest electrolyte imbalance, and known 
ee lg to the drug. 
WARNINGS: 
Mortality: In the National Heart Lung and Blood Institute's Cardiac Arrhythmia Suppression Trial (CAST), a 
longterm, multicenter, randomized, double blind study in patients with asymptomatic non life threatening 
ventricular ectopy who had a myocardial infarction more than six days but less than two years previously and 
demonstrated mild to moderate left ventricular dysfunction, an excessive mortality or nonfatal cardiac arrest 
rate was seen in patients treated with encainide or flecainide (56/730) compared with that seen in patients 
assigned to carefully matched placebo treated groups (22/725). The average duration of treatment with 
encainide or flecainide in this study was ten months.The applicability of these results to other populations 
(e.g., those without recent myocardial infarction and to other antiarrhythmic drugs) is uncertain, but at 
present it is prudent (1) to consider any IC agent (especially one documented to provoke new serious 
arrhythmias) to have a similar risk and (2) to consider the risks of Class IC agents, coupled with the lack of 
any evidence of improved survival, generally unacceptable in patients without life threatening ventricular 
arrhythmias, even if the patients are experiencing unpleasant, but not life threatening, symptoms or signs. 
Proa mic Effects 
RYTHMOL, like other antiarrhythmic agents, may cause new or worsened arrhythmias. Such proarrhythmic 
effects range from an increase in frequency of PVCs to the development of more severe ventricular 
tachycarcia, ventricular fibrillation or torsade de pointes; i.e., tachycardia that is more sustained or more rapid 
which may lead to fatal consequences. It is therefore essential that each patient given RYTHMOL be evaluated 
electrocardiographically and clinically prior to, and during therapy to determine whether the response to 
RYTHMOL (propafenone HC!) supports continued treatment. Overall in clinical trials with propafenone, 4.7% 
of all patients had new or worsened ventricular arrhythmia possibly — a proarrhythmic event (0.7% 
was an increase in PVCs; 4.0% a worsening, or new appearance, of VT or VF). Of the patients who had a 
worsening of VT (4%), 92% had a history of VT and/or VTF, 71% had coronary artery disease, and 68% had 
a prior myocardial infarction. The incidence of proarrhythmia in patients with less serious or benign 
arrhythmias, which include patients with an increase in frequency of PVCs, was 1.6%. Although most 
proarrhythmic events occurred during the first week of therapy, late events also were seen and the CAST 
study (see above) suggests that an increased risk is present throughout treatment. 
Nonallergic Bronchospasm (e.g., chronic bronchitis, epyan 
PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD IN GENERAL NOT RECEIVE PROPAFENONE or other 
agents with beta adrenergic blocking activity. 
Congestive Heart Failure 
During treatment with oral propatenone in patients with depressed baseline function (mean EF=33.5%), no 
significant decreases in ejection fraction were seen. In clinical trial experience, new or worsened CHF has 
been reported in 3.7% of patients; of those 0.9% were considered probably or definitely related to RYTHMOL. 
Of the patients with congestive heart failure probably related to propatenone, 80% had preexisting heart 
failure and 85% had coronary artery disease. CHF attributable to RYTHMOL developed rarely (<0.2%) in 
patients who had no previous history of CHF. As RYTHMOL exerts both beta blockade and a (dose related) 
negative inotropic effect on cardiac muscle, patients with congestive heart failure should be fully compensated 
before receiving RYTHMOL. If congestive heart failure worsens, RYTHMOL should be discontinued (unless 
congestive heart failure is due to the cardiac arrhythmia) and, if indicated, restarted at a lower dosage only 
after adequate cardiac compensation has been established. 
Conduction Disturbances 
RYTHMOL slows atrioventricular conduction and also causes first degree AV block. Average PR interval 
prolongation and increases in QRS duration are closely correlated with dosage increases and concomitant 
increases in propafenone plasma concentrations. The incidence of first degree, second degree, and third 
degree AV block observed in 2,127 patients was 2.5%, 0.6%, and 0.2%, respectively. Development of second 
or third degree AV block requires a reduction in dosage or discontinuation of RYTHMOL. Bundle branch block 
1.2%) and intraventricular conduction delay (1.1%) have been reported in patients receiving propafenone. 
radycardia has also been reported (1.5%). Experience in patients with sick sinus node syndrome is limited 
and these patients should not be treated with propafenone. 
Effects on Pacemaker Threshold 
RYTHMOL may alter both pacing and sensing thresholds of artificial pacemakers. Pacemakers should be 
monitored and programmed accordingly during therapy. 
Hematologic Disturbances 
One case of agranulocytosis with fever and sepsis, probably related to use of propafenone, was seen in U.S. 
clinical trials. The agranulocytosis appeared after 8 weeks of therapy. Propafenone therapy was stopped and 
the white count had normalized by 14 days. The patient recovered. In the course of over 800,000 patient 
years of exposure during marketing outside the U.S. since 1978, seven additional cases have been reported. 
In one of these, concomitant captopril, a drug known to cause agranulocytosis, was used. Unexplained fever 
and/or decrease in white cell count, particularly during the first three months of therapy, warrant consideration 
of possible agranulocytosis/granulocytopenia. Patients should be instructed to promptly report the 
development of any signs of infection such as fever, sore throat, or chills. 
PRECAUTIONS 
Hepatic Dysfunction: 
Propafenone is highly metabolized by the liver and should, therefore, be administered cautiously to patients 
with impaired hepatic function. The dose of propafenone given to patients with impaired hepatic function 
should be significantly reduced. Careful monitoring for excessive pharmacological effects (see 
OVERDOSAGE) should be carried out. 
Renal nction: 
A considerable percentage of propafenone metabolites (18.5%-38% of the dose/48 hours) are excreted in the 
urine. Until further data are available, RYTHMOL should be administered cautiously to patients with impaired 
renal function. These patients should be carefully monitored for signs of overdosage (see OVERDOSAGE). 
Elevated ANA Titers: 
Positive ANA titers have been reported in patients receiving propafenone. Patients who develop an abnormal 
ANA test should be carefully evaluated and, if persistent or worsening elevation of ANA titers is detected, 
consideration should be given to discontinuing therapy. 
Impaired Spermatogenesis: 
Reversible disorders of spermatogenesis have been demonstrated in monkeys, dogs and rabbits after high 
dose intravenous administration. Evaluation of the effects of short term propafenone administration on 
spermatogenesis in 11 normal subjects eee that propafenone produced a reversible, short term drop 
(within normal range) in sperm count. Subsequent evaluations in 11 patients receiving propafenone 
chronically have suggested no effect of propafenone on sperm count. 
Drug Interactions: Quinidine: Small doses of quinidine completely inhibit the hydroxylation metabolic 
pathway, making all patients, in effect, slow metabolizers. There is, as yet, too little information to 
recommend concomitant use of propafenone and quinidine. Local Anesthetics: Concomitant use of local 
anesthetics may increase the risks of central nervous system side effects. Digitalis: RYTHMOL produces 
dose related increases in serum digoxin levels ranging from about 35% at 450 mg/day to 85% at 900 mg/day 
propafenone without affecting digoxin renal clearance. Digoxin dosage should ordinarily be reduced when 
propafenone is started. Beta-Antagonists: Propafenone appears to inhibit the hydroxylation pathway for 
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propranolol and metoproio! (just as quinidine inhibits propafenone metabolism). While the therapeutic range 
for beta-blockers is wide, a reduction in dosage may be necessary during concomitant administration with 
propafenone. Warfarin: In a study of eight healthy subjects receiving propafenone and warfarin 
concomitantly, mean steady-state wartarin plasma concentrations increased 39% with a corresponding 


increase in prothrombin times of approximately 25%. It is therefore recommended that prothrombin times be 
routinely monitored and the dose of warfarin be adjusted if necessary. Cimetidine: Concomitant 
administration of propafenone and cimetidine in 12 healthy subjects resulted in a 20% increase in steady- 
state plasma concentrations of propafenone with no detectable changes in electrocardiographic parameters 
beyond that measured on propafenone alone. Other: Limited experience with propafenone combined with 
calcium antagonists and diuretics has been reported without evidence of clinically significant adverse 
reactions. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Life time maximally tolerated oral dose studies in 
mice (up to 360 gb te a and rats (up to 270 mg/kg/day) provided no evidence of a carcinogenic potential 
for propafenone. HMOL was not mutagenic when assayed for genotoxicity. ps coy Teratogenic 
Effects: Pregnancy Category C.: Propafenone has been shown to be embryotoxic in rabbits and rats when 
given in doses 10 and 40 times, respectively, the maximum recommended human dose. No teratogenic 
potential was apparent in either species. There are no ere peng and well controlled studies in pregnant 
women. Propafenone should be used cay pregnancy only if the potential benefit justifies the potential risk 
to the fetus. Pregnancy Nonteratogenic Effects: In a perinatal and postnatal study in rats, propafenone, at 
dose levels of 5 or more times the maximum recommended human dose, produced dose dependent increases 
in maternal and neonata! mortality, decreased maternal and pup body weight gain and reduced neonatal 
physiological development. Labor and Delivery: It is not known whether the use of propafenone during labor 
or delivery has immediate or delayed adverse effects on the fetus, or whether it prolongs the duration of labor 
or increases the need for forceps delivery or other obstetrical intervention. Nursing Mothers: It is not known 
whether this drug is excreted in human milk. Because many drugs are excreted in human milk and because of 
the potential for serious adverse reactions in nursing infants from RYTHMOL, a decision should be made 
riae to discontinue nursing or to discontinue the drug, taking into account the importance of the drug to 
the mother. 
Pediatric Use: The safety and efficacy of RYTHMOL in children has not been established. 
Geriatric Use: There do not appear to be any age-related differences in adverse reaction rates in the most 
commonly reported adverse reactions. Because of the possible increased risk of impaired hepatic or renal 
function in this age group, RYTHMOL should be used with caution. The effective dose may be lower in these 
patients. 
ADVERSE REACTIONS 
Adverse reactions associated with RYTHMOL gorom HCI) occur most frequently in the gastrointestinal, 
cardiovascular, and central nervous systems. About 20% of patients discontinued due to adverse reactions. 
Adverse reactions reported for >1% of 2,127 patients who received propafenone in U.S. clinical trials are 
pae in the following list. Dizziness, Nausea and/or Vomiting, Unusual Taste, Constipation, Fatigue, 
yspnea, Proarrhythmia, Angina, Headache(s), Blurred Vision, CHF, Ventricular Tachycardia, Dyspepsia, 
Palpitations, Rash, First Degree AV Block, Diarrhea, Weakness, Dry Mouth, Syncope/Near Syncope, Increased 
QRS Duration, Chest Pain, Anorexia, Abdominal Pain/Cramps, Ataxia, Insomnia, Premature Ventricular 
ak ert Bradycardia, Anxiety, Edema, Tremor(s), Diaphoresis, Bundle Branch Block, Drowsiness, Atrial 
Fibrillation, Flatulence, Hypotension, Intraventricular Conduction Delay, Joint(s) Pain. 
In addition, the following adverse reactions were reported less frequently than 1% either in clinical trials or in 
a experience (adverse events for marketing experience are given in italics). Causality and relationship 
to propafenone therapy can not necessarily be judged from these events. Cardiovascular System: Atrial 
flutter, AV dissociation, cardiac arrest, flushing, hot flashes, sick sinus syndrome, sinus pause or arrest, 
supraventricular tachycardia. Nervous System: Abnormal dreams, abnormal h, abnormal vision, apnea, 
coma, confusion, depression, memory loss, numbness, paresthesias, psychosis/mania, seizures (0.3%), 
tinnitus, unusual smell sensation, vertigo. Gastrointestinal: A number of patients with liver abnormalities 
associated with proponon therapy have been reported in foreign postmarketing experience. Some 
appeared due to hepatocellular injury, some were cholestatic and some showed a mixed picture. Some of 
these reports were simply discovered through clinical chemistries, others because of clinical symptoms. One 
case was rechallenged with a positive outcome. Cholestasis (0.1%), elevated liver enzymes (alkaline 
phosphatase, serum transaminases) (0.2%), gastroenteritis, hepatitis (0.03%) Hematologic: Agranulocytosis, 
anemia, bruising, granulocytopenia, increased 7 time, leukopenia, purpura, thrombocytopenia. Other: 
Alopecia, eye irritation. hyponatremia/inappropriate ADH secretion, impotence, increased glucose, kidney 
failure, positive ANA (0.7%), lupus erythematosis, muscle cramps, muscle weakness, nephrotic syndrome, 
pain, pruritus. 
OVERDOSAGE 
The symptoms of overdosage, which are usually most severe within 3 hours of ingestion, may include 
hypotension, somnolence, bradycardia, intraatrial and intraventricular conduction disturbances, and rarely 
convulsions and high grade ventricular arrhythmias. Defibrillation as well as infusion of dopamine and 
isoproterenol have been effective in controlling rhythm and blood pressure. Convulsions have been alleviated 
with intravenous diazepam. General supportive measures such as mechanical respiratory assistance and 
external cardiac massage may be necessary. 
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Comparison of Direct-Current and Radiofrequency Ablation of 
Free Wall Accessory Atrioventricular Pathways in the Wolff- 
Parkinson-White Syndrome 

Shih-Ann Chen, Wing-Ping Tsang, Chih-Ping Hsia, Der-Chih Wang, 
Chern-En Chiang, Hon-! Yeh, Jaw-Wen Chen, Chuen-Wang Chiou, Chih- 
Tai Ting, Chi-Woon Kong, Shih-Pu Wang, Benjamin N. Chiang, and 
Mau-Song Chang 


In 95 patients with free wall accessory atrioventricular pathways, the 
safety and effects of direct-current and radiofrequency ablation were 
demonstrated and compared. Results suggest that large-tip electrode 
catheter-mediated radiofrequency ablation of free wall pathways is highly 
effective with no mortality and little morbidity. 


i, a aM, aM REA ADRS E Sel E E ete TE ar EA 
Clinical Implications of Left Atrial Spontaneous Echo Contrast 
in Nonrheumatic Atrial Fibrillation 

Liang-Miin Tsai, Jyh-Hong Chen, Ching-Jing Fang, Li-Jen Lin, and 
Chi-Ming Kwan 


Left atrial (LA) spontaneous echo contrast was observed in 25 of 103 
consecutive patients (24.3%) with chronic nonrheumatic atrial fibrillation 
using transesophageal echocardiography. History of cerebral ischemia or 
peripheral embolism, or both, was significantly more frequent in patients 
with than without LA spontaneous echo contrast (84 vs 18%; p <0.001). 
For predicting history of thromboembolism, LA spontaneous echo con- 
trast had high specificity (94% ) and positive and negative predictive values 
(84 and 82%, respectively). Thus, LA spontaneous echo contrast is fre- 
quently found in patients with chronic nonrheumatic atrial fibrillation, 
and the presence of this phenomenon is associated with an increased 
thromboembolic risk. 
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Relation Between QT and RR Intervals During Exercise 
Testing in Atrial Fibrillation 

Frederick A. Ehlert, Jeffrey J. Goldberger, James E. Rosenthal, and 
Alan H. Kadish 


The ability to predict the RR-QT relation over a range of heart rates was 
evaluated in 10 study patients with atrial fibrillation (AF) and in 10 
control subjects in sinus rhythm. Three QT prediction formulas (Bazett, 
Fridericia and Sarma) were applied by regression in standard form and 
modified with a weighted average of the preceding 5 RR intervals. For 
AF, all 3 standard QT prediction formulas fit the data equally well. The 
modification produced a significant improvement in fit for all 3 equations 
(p <0.05) and all 3 modified equations fit the data equally well. However, 
the fit of the equations in sinus rhythm was significantly better than those 
in AF (p <0.0001). These AF regression equations were also applied to 
sinus rhythm data obtained in 9 of the 10 study patients. Comparison of 
measured and predicted QT intervals yielded a mean r value of 0.86 + 
0.07. The proposed modification may be clinically useful for QT interval 
correction in AF. 
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ee a re es St ee 
A Controlled Trial of Acute and Long-Term Medical Therapy in 
Tilt-Induced Neurally Mediated Syncope 

Michele Brignole, Carlo Menozzi, Lorella Gianfranchi, Gino Lolli, Nicola 
Bottoni, and Daniele Oddone 


A randomized placebo-treatment prospective study was performed in 30 
patients affected by tilt-induced neurally mediated syncope. Patients were 
randomly assigned to placebo (n = 15) or tilt-guided medications (n = 
15). After a mean of 10 + 7 months of follow-up, the outcome of the 2 
groups of patients was similar. Syncope recurred in 3 patients (20%) in the 
treatment group and in 4 (27%) in the placebo group; actuarial absence of 
syncope after 20 months was 70 and 67%, respectively. Thus, the useful- 
ness of medication in neurally-mediated syncope remains uncertain. 


| ae ee SS ER ee PE 
Accuracy of Various Methods of Localization of the Orifice of 
the Coronary Sinus at Electrophysiologic Study 

Lloyd M. Davis, Karen Byth, Kai C. Lau, John B. Uther, David A. B. 
Richards, and David L. Ross 


The coronary sinus (CS) orifice is an important reference point for deter- 
mining accessory pathway location at electrophysiologic study. This study 
assessed the accuracy of various fluoroscopic markers of the CS orifice 
compared with localization by contrast injection in 40 patients. Radio- 
graphic markers of the CS orifice that were examined included: (1) the 
point at which the CS catheter prolapsed during advancement, (2) the 
point of maximum convexity of the CS catheter, (3) the right side of the 
ventricular septum, and (4) the relation to the underlying vertebrae. The 
point at which the CS catheter prolapsed was the most accurate noncon- 
trast method for locating the CS orifice (p <0.05), with a median error of 
1 mm (range 0 to 11). Errors of other landmarks ranged up to 3 cm. The 
point of catheter prolapse during advancement in the CS is an accurate 
marker of orifice location, but is possible in only 48% of cases if reasonable 
force is used. In the remaining patients or any case in which accurate 
localization of the os is critical, radiopaque contrast injection of the CS 
should be used. 


CONGESTIVE HEART FAILURE 


7) OPES A ee ee Ee ne ee FRR I 
Studies of Left Ventricular Dysfunction (SOLVD) Registry: 
Rationale, Design, Methods and Description of Baseline 
Characteristics 

Shrikant |. Bangdiwala, Debra H. Weiner, Martial G. Bourassa, Gottlieb C. 
Friesinger Il, Jalal K. Ghali, and Salim Yusuf, for the SOLVD Investigators 


The use of a registry of a broader and relatively unselected cohort of 
patients to complement the results and interpretations of a clinical trial is 
presented with the specific example of SOLVD. In SOLVD, 2 double- 
blind, randomized clinical trials to test improved survival by an angioten- 
sin-converting enzyme inhibitor in patients with left ventricular dysfunc- 
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tion were conducted in conjunction with a registry of similar patients from 
the same hospitals. The registry succeeded in including patients at both 
ends of the spectrum of dysfunction who were excluded by design from the 
SOLVD trials, thus offering the opportunity of understanding the clinical 
history of a broad section of patients with left ventricular dysfunction. 
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Effects of Once-Daily Benazepril Therapy on Exercise 
Tolerance and Manifestations of Chronic Congestive Heart 
Failure 

Harry T. Colfer, Hillel S. Ribner, Alan Gradman, C. Vincent Hughes, Amar 
Kapoor, and James C. Laidlaw, for the Benazepril Heart Failure Study 
Group 


The effects of the angiotensin-converting enzyme inhibitor benazepril on 
exercise tolerance and signs and symptoms of congestive heart failure were 
evaluated for 12 weeks in a double-blind, multicenter, placebo-controlled 
trial. Patients with New York Heart Association class II to IV symptoms 
and left ventricular ejection fraction <35% at baseline were randomized to 
treatment with benazepril (n = 114) or placebo (n = 58) once daily while 
continuing to receive stable background therapy with digoxin and diuret- 
ics. At week 12, mean maximal treadmill exercise tolerance increased by 
95 + 12 seconds in the benazepril-treated patients versus 37 + 18 seconds 
in control subjects (p <0.01 for the difference between the groups). 
Clinical status also improved to a greater degree in patients treated with 
benazepril. The incidence of adverse experiences was similar in both 
groups. Benazepril is a well-tolerated, long-acting agent that provides 
significant benefits in patients with congestive heart failure. 


359 

Comparison Between New York Heart Association 
Classification and Peak Oxygen Consumption in the 
Assessment of Functional Status and Prognosis in Patients 
with Mild to Moderate Chronic Congestive Heart Failure 
Secondary to Either Ischemic or Idiopathic Dilated 
Cardiomyopathy 

Stan A.J. van den Broek, Dirk J. van Veldhuisen, Pieter A. de Graeff, 
Martin L.J. Landsman, Hans Hillege, and Kong I. Lie 


To compare the value of the New York Heart Association (NYHA) 
classification and measurement of peak oxygen consumption (peak VO>) 
in relation to functional status and prognosis in patients with mild to 
moderate chronic congestive heart failure (CHF), 94 patients with clini- 
cally stable CHF were prospectively studied. During a follow-up period of 
23 + 11 months, 21 patients died. Peak VO2, NYHA class and left 
ventricular ejection fraction were significantly worse in the group of non- 
survivors. The most powerful independent predictor of mortality was peak 
VO». Despite the discrepancy between NYHA classification and peak 
VO; in assessing functional status, survival curves of patients subdivided 
at a peak VO, of 16 ml/min/kg showed a remarkable resemblance with 
the survival curves of both NYHA classes. However, peak VO, divided 
patients more clearly into subgroups according to the severity of functional 
impairment and lifetime prognosis. 
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MEVACOR™ 
(LOVASTATIN) 


CONTRAINDICATIONS: Hypersensitivity to any component of this medication. 

Active liver disease or unexplained persistent elevations of serum transami- 
nases (see WARNINGS). 

Pregnancy and lactation. 

Atherosclerosis is a chronic process, and the discontinuation of lipid-lower- 
ing drugs during pregnancy should have little impact on the outcome of long- 
term therapy of primary hypercholesterolemia. Moreover, cholesterol and other 
products of the cholesterol biosynthesis pathway are essential components for 
fetal development, including synthesis of steroids and cell membranes 
Because of the ability of inhibitors of HMG-CoA reductase such as MEVACOR 
to decrease the synthesis of cholesterol and possibly other products of the 
cholesterol biosynthesis pathway, MEVACOR may cause fetal harm when 
administered to a pregnant woman. Therefore, lovastatin is contraindicated 
during pregnancy. Lovastatin should be administered to women of childbearing 
age only when such patients are highly unlikely to conceive. If the patient 
becomes pregnant while taking this drug, lovastatin should be discontinued, 
and the patient should be apprised of the potential hazard to the fetus. 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more than 3 
times the upper limit of normal) in serum transaminases occurred in 1.9% of 
adult patients who received lovastatin for at least 1 year in early clinical trials 
(see ADVERSE REACTIONS). When the drug was interrupted or 
discontinued in these patients, the transaminase levels usually fell slowly to 
pretreatment levels. The increases usually appeared 3 to 12 months after the 
start of therapy with lovastatin and were not associated with jaundice or other 
Clinical signs or symptoms. There was no evidence of hypersensitivity. In the 
EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the full 
Prescribing Information), the incidence of marked persistent increases in 
serum transaminases over 48 weeks was 0.1% for placebo, 0.1% at 20 
mg/day. 0.9% at 40 mg/day, and 1.5% at 80 mg/day in patients on lovastatin 
However, in post-marketing experience with MEVACOR, symptomatic liver dis- 
ease has been reported rarely at all dosages (see ADVERSE REACTIONS) 

It is recommended that liver function tests be performed durin ory 
with lovastatin. Serum transaminases, including ALT (SGPT), should be 
monitored before treatment begins, every 6 weeks during the first 3 months, 
every 8 weeks during the remainder of the first year, and periodically there- 
after (e.9., at approximately 6-month intervals). Special attention should be 
paid to patients who ni gs a elevated serum transaminase levels, and, in these 
patients, measurements should be repeated promptly and then performed 
more frequently. If the transaminase levels show evidence of progression, par- 
ticularly if they rise to 3 times the upper limit of normal and are persistent, the 
drug should be discontinued. Liver biopsy should be considered if elevations 
are persistent beyond the discontinuation of the drug. 

he crug should be used with caution in patients who consume substantial 
quantities of alcohol and/or have a past history of liver disease. Active liver dis- 
ease or unexplained transaminase elevations are contraindications to the use 
of lovastatin. 

As with other lipid-lowering agents, moderate (less than 3 times the upper 
limit of normal) elevations of serum transaminases have been reported follow- 
ing therapy with MEVACOR (see ADVERSE REACTIONS). These changes 
appearec soon after initiation of therapy with MEVACOR, were often transient, 
were not accompanied by any symptoms, and interruption of treatment was 
not required 


Skeletal Muscle: Rhabdomyolysis has been associated with lovastatin ther- 
apy alone, when combined with immunosuppressive therapy including 
cyclosporine in cardiac transplant = and when combined in non- 
transplant patients with either gemfibrozil or lipid-lowering doses ve oe 
of nicotinic acid. Some of the affected patients had preexisting renal insuffi- 
ciency, usually as a consequence of long-standing diabetes. Acute renal 
failure from rhabdomyolysis has been seen more commonly with the lova- 
statin-gemfibrozil combination and has also been reported in transplant 
patients receiving lovastatin plus cyclosporine. 

Rhabcomyolysis with or without renal impairment has been reported in 
seriously ill patients receiving erythromycin concomitantly with lovastatin 
Therefore, patients receiving concomitant lovastatin and erythromycin should 
be carefully monitored. 

Fulminant rhabdomyolysis has been seen as early as 3 weeks after initi- 
ation of combined therapy with gemfibrozil and lovastatin, but may be seen 
after several months. For these reasons, it is felt that, in most po be who 
have had an unsatisfactory lipid response to either drug alone, the possible 
benefits of combined therapy with lovastatin and gemfibrozil do not out- 
weigh the risks of severe ——, poten Miche and acute renal fail- 
ure. While it is not known whether this interaction occurs with fibrates other 
than gemfibrozil, myopathy and rhabdomyolysis have occasionally been 
associated with the use of other fibrates alone, including clofibrate. 
Therefore, the combined use of lovastatin with other fibrates should gener- 
ally be avoided. 

Physicians contemplating combined therapy with lovastatin and lipid- 
lowering doses of nicotinic acid or with immunosuppressive drugs should 
carefully weigh the potential benefits and risks and should carefully monitor 
patients for any ap and symptoms of muscle pain, tenderness, or weak- 
ness, particularly during the initial months of therapy and during any peri- 
ods of upward dosage titration of either drug. Periodic creatine phosphoki- 
nase (CPK) determinations may be considered in such situations, but there 
is no assurance that such monitoring will prevent the occurrence of severe 
myopathy. The monitoring of lovastatin drug and metabolite levels may be 
considered in transplant patients who are treated with immunosuppressives 
and lovastatin. 

Lovastatin therapy should be temporarily withheld or discontinued in any 
patient with an acute, serious condition suggestive of a myopathy or having 
a risk factor predisposing to the development of renal failure secondary to 
rhabdomyolysis, including: severe acute infection, eager major 
surgery, trauma, severe metabolic, endocrine, and electrolyte disorders, and 
uncontrolled seizures. 

Myalgia has been associated with lovastatin therapy. Transient, mildly ele- 
vated CPK levels are commonly seen in lovastatin-treated patients. However, in 
early Clinical trials, approximately 0.5% of patients developed a ~~ thy, i.e.. 
myalgia or muscle weakness associated with markedly elevated levels. In 
the EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the full 
Prescribing Information), 5 patients (0.1%) taking lovastatin alone (1 at 40 mg 
q.p.m. and 4 at 40 mg b.i.d.) developed myopathy (muscle symptoms and CPK 
levels >10 times the upper limit of none opathy should be considered in 
any patient with diffuse myalgias, muscle tenderness or weakness, and/or 
marked elevation of CPK. Patients should be advised to report promptly any 
unexplained muscle pain, tenderness, or weakness, particularly if accompanied 
by malaise or fever. Lovastatin therapy should be discontinued if markedly ele- 
vated CPK levels occur or myopathy is diagnosed or suspected 

Most of the patients who have developed myopathy (including rhabdomyo- 
lysis) while taking lovastatin were receiving concomitant therapy with immuno- 
suppressive drugs, pomine or lipid-lowering doses of nicotinic acid. In 
clinical trials, about 30% of patients on concomitant immunosuppressive ther- 
apy including cyclosporine developed myopathy; the corresponding percent- 
ages for gemfibrozil and niacin were approximately 5% and 2%, respectively 

In 6 patients with cardiac transplants taking immunosuppressive therapy 
including cyclosporine concomitantly with lovastatin 20 mg/day, the average 
plasma level of active metabolites derived from lovastatin was elevated to 
approximately 4 times the expected levels. Because of an apparent relationship 
between increased plasma levels of active metabolites derived from lovastatin 
and myopathy, the daily dosage in patients pe ee ag clang should 
not exceed 20 mg/day (see DOSAGE AND ADMINISTRATION). Even at this 
dosage, the benefits and risks of using lovastatin in patients taking immuno- 
suppressants should be carefully considered. 


PRECAUTIONS: General: Before instituting therapy with MEVACOR, an attempt 
should be made to contro! hypercholesterolemia with appropriate diet, exer- 
cise, and weight reduction in obese paun, and to treat other underlying 
medical problems (see INDICATIONS AND USAGE in the tull Prescribing 
Information). 

Lovastatin may elevate CPK and transaminase levels (see WARNINGS and 
ADVERSE REACTIONS). This should be considered in the differential diagnosis 
of chest pain in a patient on therapy with lovastatin 


Homozygous Familial Hypercholesterolemia: MEVACOR is less effective in 

atients with the rare homozygous familial hypercholesterolemia, possibly 
Seep these patients have no functional LDL receptors. MEVACOR appears 
to be more likely to raise serum transaminases (see ADVERSE REACTIONS) in 
these homozygous patients 


Information for Patients: Patients should be advised to report promptly any 


unexplained muscle pain, tenderness, or weakness, particularly if accompanied 
by malaise or fever 


Drug Interactions: Immunosuppressive Drugs, Gemfiarozil, Niacin (Nicotinic 
Acid), Erythromycin: See WARNINGS, Skeletal Muscle. 

Coumarin Anticoagulants: \n a small clinical trial in which lovastatin was 
administered to warfarin-treated patients, no effect on prothrombin time was 
detected. However, another HMG-CoA reductase inhibitor has been found 
to produce a less than 2-second increase in prothrombin time in healthy 
volunteers receiving low doses of warfarin. Also, bleeding and/or increased 
prothrombin time have been reported in a few patients taking coumarin antico- 
agulants concomitantly with lovastatin. It is recommended that in patients 
taking anticoagulants, prothrombin time be determined before starting lova- 
statin and frequently enough during early therapy to ensure that no significant 
alteration of prothrombin time occurs. Once a stable prothrombin time has 
been documented, prothrombin times can be monitored at the intervals usually 
recommended for patients on coumarin anticoagulants. If the dose of lova- 
statin is changed, the same procedure should be repeated. Lovastatin therapy 
has not been associated with bleeding or with changes in prothrombin time in 
patients not taking anticoagulants. 

Antipyrine: Because lovastatin had no effect on the pharmacokinetics of 
antipyrine or its metabolites, interactions of other drugs metabolized via the 
same cytochrome isozymes are not expected. 

Propranolol: Iin normal volunteers, there was no Clinically significant phar- 
macokinetic or pharmacodynamic interaction with concomitant administration 
of single doses of lovastatin and propranolol. 

Digoxin: in patients with hypercholesterolemia, concomitant administration 
of lovastatin and digoxin resulted in no effect on digoxin plasma concentrations 

Other Concomitant Therapy: Although specific interaction studies were not 

erformed, in clinical studies lovastatin was used concomitantly with beta 
lockers, calc.um channel blockers, diuretics, and nonsteroidal anti-inflamma- 
tory drugs (NSAIDs) without evidence of clinically significant adverse interactions 


Endocrine Furction: HMG-CoA reductase inhibitors interfere with cholesterol 
synthesis and as such might theoretically blunt adrenal and/or gonadal steroid 
production. Results of clinical trials with drugs in this ciass have been incon- 
sistent with regard to drug effects on basal and reserve steroid levels. 
However, clinical studies have shown that lovastatin does not reduce basal 
‘eat cortisol concentration or impair adrenal reserve and does not reduce 

asal plasma testosterone concentration. Another HMG-CoA reductase 
inhibitor has been shown to reduce the plasma testosterone response to HCG 
In the same study, the mean testosterone response to HCG was slightly but not 
significantly reduced after treatment with lovastatin 40 mg daily for 16 weeks 
in 21 men. The effects of HMG-CoA reductase inhibitors on male fertility have 
not been studied in adequate numbers of male patients. The effects, if any. on 
the pituitary-gonadal axis in premenopausal women are unknown. Patients 
treated with lovastatin who develop clinical evidence of endocrine dysfunction 
should be evaluated appropriately. Caution should also be exercised if an HMG- 
CoA reductase inhibitor or other agent used to lower cholesterol levels is 
administered to patients also receiving other drugs {e.g., ketoconazole, 
spironolactone cimetidine) that may decrease the levels or activity of endoge- 
nous steroid hormones. 


CNS Toxicity: Lovastatin produced optic nerve degeneration (Wallerian degen- 
eration of retinogeniculate fibers) in clinically normal dogs in a dose-dependent 
fashion starting at 60 mg/kg/day, a dose that produced mean plasma by l lev- 
els about 30 times higher than the mean drug level in humans taking the high- 
est recommended dose (as measured by total enzyme inhibitory activity) 
Vestibulocochlear Wallerian-like degeneration and retinal ganglion cell chroma- 
tolysis were also seen in dogs treated for 14 weeks at 180 mg/kg/day, a dose 
that resulted in a mean plasma drug level (Cmax) similar to that seen with the 60 
mg/kg/day dose 

CNS vascular lesions, characterized by perivascular hemorrhage and 
edema, mononuclear cell infiltration of perivascular spaces, perivascular fibrin 
deposits, and necrosis of small vessels, were seen in dogs treated with lova- 
Statin at a dose of 180 mg/kg/day, a dose that producec plasma drug levels 
(Cmax) about 30 times higher than the mean values in humans taking 80 mg/day. 

“Similar optic nerve and CNS vascular lesions have been observed with other 
drugs of this class. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In a 21-month carcino- 
genic study in mice, there was a statistically significant increase in the inci- 
dence of hepatocellular carcinomas and adenomas in both males and females 
at 500 mg/kg/day. This dose produced a total plasma drug exposure 3 to 4 
times that of humans given the a gre recommended dose of lovastatin (drug 
exposure was measured as total HMG-CoA reductase inhibitory activity in 
extracted plasma). Tumor increases were not seen at 20 and 100 mg/kg/day, 
doses that produced drug exposures of 0.3 to 2 times that of humans at the 80 
mg/day dose. A statistically significant increase in pulmonary adenomas was 
seen in female mice at sore 4 times the human drug exposure 
(Although mice were given 300 times the human dose [HD] on an mg/kg body 
weight basis, plasma levels of total yt | activity were only 4 times higher 
in mice than in humans given 80 mg of MEVACOR® [Lovastatin]. 

There was an increase in incidence of papilloma in the nonglandular 
mucosa of the stomach of mice beginning at exposures of 1 to 2 times that of 
humans. The glandular mucosa was not affected. The human stomach con- 
tains only glandular mucosa. 

In a 24-month carcinogenicity study in rats, there was a positive dose- 
response relationship for hepatocellular carcinogenicity in males at drug expo- 
sures 2 to 7 times that of human exposure at 80 mg/day (doses in rats were 5, 
30, and 180 mg/kg/day). 

A chemically similar drug in this class was administered to mice for 72 
weeks at 25, 100 and 400 mg/kg body weight, which resulted in mean serum 
drug levels approximately 3, 15, and 33 times higher than the mean human serum 
drug concentratian (as total inhibitory activity) after a 40-mg oral dose. Liver 
carcinomas were significantly increased in high-dose females and mid- and 
high-dose males, with a maximum incidence of 90% in males. The incidence of 
adenomas of the liver was significantly increased in mid- and high-dose 
females. Drug treatment also age d increased the incidence of lung ade- 
nomas in mid- amd high-dose males and females. Adenomas of the Harderian 
gland (a gland of the eye of rodents) were significantly higher in high-dose 
mice than in controls. 

No evidence of fg eral was observed in a microbial mutagen test 
using mutant strains of Salmonella typhimurium with or without rat or mouse 
liver metabolic activation. In addition, no evidence of damage to genetic mate- 
rial was noted in an /n vitro alkaline elution assay using rat or mouse hepato- 

tes, a V-79 mammalian cell forward mutation study, an in vitro chromosome 
aberration study in CHO cells, or an in vivo chromosomal aberration assay in 
mouse bone marrow 

Drug-related testicular atrophy, decreased spermatogenesis, spermatocytic 
degeneration, and giant cell formation were seen in dags starting at 20 
mg/kg/day. Similar findings were seen with another drug in this class. No drug- 
related effects on fertility were found in studies with lovastatin in rats. However, 
in studies with a similar drug in this class, there was decreased fertility in male 
rats treated for 34 weeks at 25 mg/kg body weight, although this effect was not 
observed in a subsequent fertility study when this same dose was administered 
for 11 weeks (the entire cycle of spermatogenesis, including epididymal matura- 
tion). In rats treated with this same reductase inhibitor at 180 mg/kg/day, semi- 
niferous tubule degeneration (necrosis and loss of spermategenic epithelium) 
was observed. No microscopic changes were observed in the testes trom rats 
of either study. The clinical significance of these findings is unclear. 


Pregnancy: Pregnancy Category X: See CONTRAINDICATIONS. 

afety in pregnant women has not been established. Lovastatin has been 
shown to produce skeletal malformations at plasma levels 40 times the human 
exposure (for mouse fetus) and 80 times the human exposure (for rat fetus) 
based on mg/m’ surface area (doses were 800 ey prs No drug-induced 
changes were seen in either species at multiples of 8 times (rat) or 4 times 
(mouse) the human exposure based on surface area. No evidence of malfor- 
mations was noted in rabbits at exposures up to 3 times the human exposure 
(dose of 15 mg/kg/day, highest tolerated dose). MEVACOR should be adminis- 
tered to women of childbearing potential only when such patients are highly 
unlikely to conceive and have been informed of the potential hazards. If the 
woman becomes pregnant while taking MEVACOR, it should be discontinued. 
and the patient advised again as to the potential hazards to the fetus. 


Nursing Mothers: \t is not known whether lovastatin is excreted in human milk. 
Because a small amount of another drug in this class is excreted in human 
breast milk and because of the potential for serious adverse seactions in nurs- 
ing infants, women taking MEVACOR should not nurse their infants (see CON- 
TRAINDICATIONS) 


Pediatric Use: Safety and effectiveness in children and adolescents have not 
been established. Because children and adolescents are not likely to benefit 
from cholesterol lowering for at least a decade and because experience with 
this drug is limited (no studies in subjects below the age of 20 years), treat- 
ment of children witn lovastatin is not recommended at this time. 


ADVERSE REACTIONS: MEVACOR® (Lovastatin) is generally well tolerated; 
adverse reactions usually have been mild and transient. Less than 1% of 
patients were discontinued from controlled clinical studies of up to 14 weeks 
due to adverse experiences attributable to MEVACOR. About 3% of patients 
were discontinued from extensions of these studies due to adverse experi- 
ences attributable to MEVACOR; about half of these patients were discontinued 
due to increases in serum transaminases. The median duration of therapy in 
these extensions was 5.2 years. 

In the EXCEL study (see CLINICAL PHARMACOLOGY, Clinica! Studies in the 
full Prescribing Information), 4.6% of the patients treated up to 48 weeks were 
discontinued due to clinical or laboratory adverse experiences that were rated 
4 the investigator as possibly, probably, or definitely related to therapy with 

EVACOR. The value for the placebo group was 2.5%. 


Clinical Adverse Experiences: Adverse experiences reported in patients (%) 
treated with MEVACOR (n=613) in controlled clinical studies are: 
Gastrointestinal: constipation, 4.9; diarrhea, 5.5; dyspepsia, 3.9: flatus, 6.4; 
abdominal pain/cramps, 5.7; heartburn, 1.6; nausea, 4.7; Musculoskeletal: 
muscle cramps, 1.1; myalgia, 2.4; Nervous System/Psychiatric: dizziness, 2.0; 
headache, 9.3; Skin: rash/pruritus, 5.2; Special Senses: blurred vision, 1.5; 
dysgeusia, 0.8 


Laboratory Tests: Marked ' increases of serum transaminases have 
been noted (see WARNINGS). 

About 11% ot patients had elevations of creatine phosphokinase (CPK) 
levels of at least twice the normal value on one or more occasions. The corre- 
sponding values for the control agents were cholestyramine, 9%, and probu- 
col, 2%. This was attributable to the noncardiac fraction of CPK. Large increases 
in CPK have sometimes been reported (see WARNINGS, Skeletal Muscle). 


Expanded Clinical Evaluation of Lovastatin (EXCEL) Study: Clinica! Adverse 
Experiences: MEVACOR was compared to placebo in 8,245 patients with 
hypercholesterolemia (total cholesterol 240 to 300 mg/dL [6.2-7.8 mmol/L]) in 
the randomized, double-blind, parallel, 48-week EXCEL study. Clinical adverse 
experiences reported as possibly, probably, or definitely drug related in >1% of 
any treatment group are shown in the table below. For no event was the inci- 
dence on drug and placebo statistically different. 


MEVACOR 
Placebo 20mgq.p.m 40 mg q.p.m. 20 mg b.i.d. 40mgbid 
(n=1.663) (n=1,642)  (n=1,645) (n=1,646) (n=1.649) 
9 % 9 % 


Yo fo % 
Body as a Whole 
Asthenia 14 LT 14 15 1.2 
Gastrointestinal 
Abdominal pain = 1.6 2.0 2.0 2.2 25 
Constipation 19 2.0 3.2 3.2 3.5 
Diarrhea 23 2.6 2.4 2.2 26 
Dyspepsia 19 1.3 1.3 1.0 1.6 
Flatulence 4.2 3.7 43 3.9 45 
Nausea 25 19 2.5 2.2 2.2 
Musculoskeletal 
Muscle cramps 0.5 0.6 0.8 1.1 1.0 
Myaigia LT 26 18 2.2 3.0 
Nervous System/ 
Psychiatric 
Dizziness 0.7 0.7 12 0.5 0.5 
Headache 2T 2.6 2.8 2.1 3.2 
Skin 
Rash 0.7 0.8 1.0 1.2 1.3 
Special Senses 
Blurred vision 0.8 1.1 0.9 0.9 1.2 


Other clinical adverse experiences reported as possibly, probably, or defi- 
nitely drug related in 0.5 to 1% of patients in any drug-treated group are listed 
below. In all these cases, the incidence on drug and placebo was not statistical- 
ly different. Body as a Whole: chest pain; Gastrointestinal: acid regurgitation, 

ry mouth, vomiting; Musculoskeletal: leg pain, shoulder pain, arthralgia; 
Nervous System/Psychiatric: insomnia, paresthesia; Skin. alopecia, pruritus; 
Special Senses: eye irritation 


Concomitant Therapy: \n controlled clinical studies in which lovastatin was 
administered concomitantly with cholestyramine, no adverse reactions peculiar 
to this concomitant treatment were observed. The adverse reactions that 
occurred were limited to those reported previously with lovastatin 
or cholestyramine. Other lipid-lowering agents were not administered con- 
comitantly with lovastatin during controlled clinical studies. Preliminary data 
Suggest that the addition of either probucol or gemfibrozil to therapy with 
lovastatin is not associated with greater reduction in LDL cholesterol than that 
achieved with lovastatin alone. In uncontrolled clinical studies, most of the 
patients who have developed myopathy were receiving concomitant therapy 
with immunosuppressive drugs, gemfibrozil, or niacin (nicotinic acid) (see 
WARNINGS, Skeletal Muscle). 


The following effects have been reported with drugs in this class: 

Skeletal: rye i rhabdomyolysis, arthralgias. 

Neurological: dystunction of certain cranial nerves (including alteration of 
taste, impairment of extraocular movement, facial paresis), tremor, vertigo, 
memory loss, paresthesia, peripheral neuropathy, peripheral nerve patsy, anxi- 
ety, insomnia, depression. 

Hypersensitivity Reactions: an apparent hypersensitivity syndrome has been 
reported rarely that has included one or more of the following features: ana- 
phylaxis, angioedema, lupus erythematous-like syndrome, polymyalgia 
rheumatica, vasculitis, purpura, thrombocytopenia, leukopenia, hemolytic ane- 
mia, positive ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, photo- 
sensitivity, fever. chills, flushing, malaise, dyspnea, toxic epidermal necrolysis, 
erythema multiforme, including Stevens-Johnson syndrome. 

Gastrointestinal: pancreatitis, hepatitis, including chronic active hepatitis, 
cholestatic jaundice, fatty change in liver; and rarely, cirrhosis, fulminant hep- 
atic necrosis, and hepatoma; anorexia, vomiting. 

Skin: alopecia. 

Reproductive: gynecomastia, loss of libido, erectile dysfunction. 

Eye: progression of cataracts (lens opacities), ophthalmoplegia 


Laboratory Abnormalities: elevated transaminases, alkaline phosphatase, and 
bilirubin; thyroid function abnormalities. 


OVERDOSAGE: After oral administration of MEVACOR to mice, the median 
lethal dose observed was >15 g/m?. 

Five healthy human volunteers have received up to 200 mg of lovastatin as 
a single dose without clinically significant adverse experiences. A few cases of 
accidental overdosage have been reported; no patients had any specific symp- 
toms, and all patients recovered without sequelae. The maximum dose taken 
was 5 to 6 g. 

Until further experience is obtained, no specific treatment of overdosage 
with MEVACOR can be recommended. 

The dialyzability of lovastatin and its metabolites in man is not known at present 


DOSAGE AND ADMINISTRATION: The patient should be placed on a standard 
cholesterol-lowering diet before pint MEVACOR and should continue on 
this diet during treatment with MEVACOR. MEVACOR should be given with meals. 

The recommended starting dose is 20 = once a day given with the evening 
meal. The recommended dosing range is 20 to 80 mg/day in single or divided 
doses; the maximum recommended dose is 80 mg/day. Adjustments of dosage 
should be made at intervals of 4 weeks or more. Doses should be individual- 
ized according to the patient's response (see Tables | to IV under CLINICAL 
PHARMACOLOGY, Clinical Studies in the full Prescribing Information for dose- 
response ice 

n patients taking immunosuppressive drugs concomitantly with lovastatin 

ee WARNINGS, Skeletal Muscle), therapy should begin with 10 mg of 

EVACOR and should not exceed 20 mg/day. 

Cholesterol levels should be monitored pene at and consideration 
should be given to reducing the dosage of MEVACOR if cholesterol levels fall 
below the targeted range 


Dosage in Patients with Renal Insufficiency: \n patients with severe renal insuf- 
ficiency (creatinine clearance <30 mL/min), dosage increases above 20 mg/day 
should be carefully considered and, if deemed necessary, implemented cau- 
tiously (see CLINICAL PHARMACOLOGY in the full Prescribing Information and 
WARNINGS, Skeleta/ Muscle). 





For more detailed information, consult your MSD Representative or see the 
Prescribing Information. 
Merck Sharp & Dohme, Division of Merck & Co., Inc., West Point, PA 19486. 


* Registered trademark of MERCK & CO., Inc. J1MC56(519) 
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364 
Ventricular Septal Defect in the First Year of Life 
Ashok V. Mehta and Balasubrahmanyam Chidambaram 


Of approximately 22,000 live births during the last 4 years, 124 infants 
were identified with ventricular septal defect (VSD) (incidence = 5.7 per 
1,000 live births) and were prospectively studied from birth for a mini- 
mum of | year. Echocardiography with Doppler color flow mapping was 
performed in 93 of 124 patients (male infants = 55; female infants = 38); 
47 had a muscular and 46 a perimembranous type of VSD. Of 124 
patients, 14 were lost to follow-up. In the muscular group, 18 patients 
(42%) had spontaneous closure and 2 (5%) required surgery in the first 
year. In the perimembranous group, 9 patients (23%) had a spontaneous 
closure and 5 (12%) required surgery in the first year. In the unclassified 
group, 10 (37%) had spontaneous closure in the first year; none required 
surgery. The overall closure rate was 34%. The prognosis was much better 
in the group with muscular than perimembranous VSD. The possible 
reasons for the observed higher incidence of VSD and clinical significance 
are discussed. 


MISCELLANEOUS 


367 

Changes in Pulmonary Hemodynamics with Aging in a 
Predominantly Hypertensive Population 

Jalal K. Ghali, Youlian Liao, Richard S. Cooper, and Guichan Cao 


The impact of aging on pulmonary hemodynamics was investigated in 322 
predominantly hypertensive patients free of coronary disease, impaired 
left ventricular systolic function and left ventricular dilatation who under- 
went cardiac catheterization and echocardiographic examination. Mean 
pulmonary artery pressure increased progressively with age: 16.7 + 4.6, 
17.9 + 6.4, and 20.6 + 8.0 mm Hg for patients aged <45 (n = 50), 45 to 
64 (n = 238) and 265 years (n = 34), respectively (p = 0.020). Pulmo- 
nary vascular resistance was 99 + 42, 116 + 62, and 160 + 68 dynes s 
cm~° for the 3 age groups (p <0.001). Along with these changes, a 
decrease in cardiac output and an increase in systolic blood pressure and 
systemic vascular resistance with age were noted. Age effects on mean 
pulmonary artery pressure and pulmonary vascular resistance were statis- 
tically significant after adjustment for gender, smoking status, body 
weight, left ventricular hypertrophy, systolic blood pressure and systemic 
vascular resistance. 
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When you dedicate yourself to caring for others, it’s easy to let your 
own needs go by unattended. 


If you've been considering a career move, you deserve an opportunity 
to pursue it. 


That’s why, each and every month, The American Journal of 
Cardiology, the respected source for vital medical information, 
delivers exciting new professional and business opportunities in a 
convenient classified advertising section designed to give you 
quick, easy access to the latest professional resources. 


Isn't your career worth a couple of extra minutes? Don’t put this 
issue away without checking the classified ads for your own special 
opportunity. 
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Left Ventricular Function and Dimensions in Newly Diagnosed 
Non-Insulin-Dependent Diabetes Mellitus 

Esko Vanninen, Juha Mustonen, Pauli Vainio, Esko Lansimies, and 

Matti Uusitupa 





To determine the effect of correction of hyperglycemia on left ventricular 
(LV) function and dimensions, 23 men and 15 women with newly diag- 
nosed non-insulin-dependent diabetes mellitus were examined with Dopp- 
ler and M-mode echocardiography at 3 occasions (0, 3, 15 months). LV 
systolic function improved in both diabetic men and women during the 
follow-up, whereas only diabetic men had an improvement in LV filling 
which correlated at 15 months with autonomic nervous function as as- 
sessed by heart rate variability during the deep breathing test. Diabetic 
men had an increase in LV wall thickness which correlated with autonom- 
ic nervous function throughout the study. The association between LV 
filling and autonomic nervous function was not explained by LV wall 
thickness or any other factor. This study demonstrates the beneficial effect 
of good metabolic control on LV function, and underlines the significance 
of autonomic nervous function on LV filling in patients with non-insulin- 
dependent diabetes mellitus. 


379 
Three-Dimensional Reconstruction of Human Carotid Arteries 
from Images Obtained During Noninvasive B-Mode Ultrasound 
Examination 

Kenneth Rosenfield, Paul Boffetti, Jenifer Kaufman, Robert Weinstein, 
Syed Razvi, and Jeffrey M. Isner 





Computer-based automated 3-dimensional (3-D) reconstruction was used 
to generate a tangible format with which to assess and compare serially 
and transcutaneously recorded 2-dimensional (2-D) B-mode images of the 
carotid arteries. One or more timed sweep recordings of the 2-D B-mode 
examination were obtained from 5 patients for 3-D reconstruction. In all 
cases, satisfactory 3-D reconstruction was accomplished in three 3-D 
formats: cylindrical, sagittal and lumen cast. Sagittal 3-D reconstruction 
provided information regarding pathologic alterations within the arterial 
wall. Experience with the cylindrical mode suggests that this 3-D format, 
particularly when the reconstructed vascular segment is hemisected, is 
optimally suited for cases in which direct inspection of luminal topography 
is of special interest. The lumen cast display, used with a recently validated 
edge-detection algorithm, may enhance the use of B-mode ultrasound for 
assessment of luminal cross-sectional area. This preliminary experience 
suggests that 3-D reconstruction may supplement in a meaningful way 
noninvasively recorded conventional B-mode images of the extracranial 
vasculature. 
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Pulse Oximetry in Cyanotic Congenital Heart Disease 
Samuel S. Gidding 
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Effects of Homograft Blood Type and Anatomic Type on 
Stenosis, Regurgitation and Calcium in Homografts in the 
Pulmonary Position 

Robert E. Shaddy, Lloyd Y. Tani, Jane E. Sturtevant, Linda M. Lambert, 
and Edwin C. McGough 
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Electrocardiographic Features of Restrictive Pulmonary 
Disease, and Comparison with Those of Obstructive Pulmonary 
Disease 
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Usefulness of Transesophageal Echocardiography in 
Diagnosing Lipomatous Hypertrophy of the Atrial Septum with 
Comparison to Transthoracic Echocardiography 

William T. Pochis, Kooroush Saeian, and Kiran B. Sagar 
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Harry R. Phillips, Robert M. Califf, and Richard S. Stack 
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20mg tablets 


A NEW NITRATE FOR 
ANGINA PREVENTION 


Predictable pharmacokinetics 
Effective and well tolerated’ 


Unique dosing regimen 
avoids tolerance and rebound‘ 


*/smo is not recommended for use in aborting acute anginal episodes 

‘ Themost common side effect, headache, may be resolved with mild 
analgesics. As with other long-acting nitrates, Ismo is not recom- 
mended in patients with acute myocardial infarction or congestive 
heart failure. 

' To maintain efficacy and to avoid tolerance and rebound, the dosing 
schedule of 20 mg, twice daily, given 7 hours apart (with a 17-hour 
dose-free interval), must be followed carefully. 


Please see brief summary of prescribing information on adjacent pa 





Limo- (isosorbide mononitrate) 20 mg tablets 
BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION AND PATIENT INFORMATION, SEE PACKAGE CIRCULAR.) 


PS EE UTA TEH CRE a a a Li a A gS a ash glare eae Bin A taal id 
Indications and Usage Ismo is indicated for prevention of angina pectoris due to coronary artery disease. 
The onset of action is not rapid enough for it to be useful in aborting an acute anginal episode. 


Clinical Pharmacology Isosorbide mononitrate is the major active metabolite of isosorbide dinitrate; most 
of the clinical activity of the dinitrate comes from the mononitrate. Ismo is not subject to first-pass 
metabolism in the liver and the absolute bioavailability of isosorbide mononitrate from Ismo tablets is nearly 
100%. The rate of clearance of Ismo is the same in healthy young adults, in patients with various degrees of 
renal, hepatic, or cardiac dysfunction, and in the elderly. 

Several well-controlled studies have demonstrated that active nitrates were indistinguishable from placebo 
after 24 hours (or less) of continuous therapy due to the development of tolerance. Only after nitrates are 
absent from the body for several hours is their antianginal efficacy restored. 


The drug-free interval sufficient to avoid tolerance to isosorbide mononitrate is not completely defined. The 
only regimen shown to avoid development of tolerance with isosorbide mononitrate involves two daily 
doses of Ismo tablets given 7 hours apart, so there is a gap of 17 hours between the second dose of each day 
and the first dose of the next day. Taking account of the relatively long half-life of isosorbide mononitrate this 
result is consistent with those obtained for other organic nitrates. 


The same twice-daily regimen of Ismo tablets successfully avoided significant rebound/withdrawal effects. 
In studies of other nitrates, the incidence and magnitude of such phenomena appear to be highly dependent 
upon the schedule of nitrate administration. 

a Allergic reactions are extremely rare, but do occur. Ismo is contraindicated in patients 
allergic te it. 


Warnings Because the effects of Ismo are difficult to terminate rapidly and have not been established in 
patients with acute myocardial infarction (MI) or congestive heart failure (CHF), this drug is not recom- 
mended in these patients. If Ismo is used in these patients, careful clinical or hemodynamic monitoring is 
required to avoid the hazards of hypotension and tachycardia. 


Precautions GENERAL Severe hypotension, particularly with upright posture, may occur with even small 
doses. Therefore, use with caution in patients who may be volume depleted or who are already hypotensive. 
Paradoxical bradycardia and increased angina pectoris may accompany Ismo-induced hypotension. 


Nitrates may aggravate angina caused by hypertrophic cardiomyopathy. 


INFORMATION FOR PATIENTS Tell patients they must carefully follow the prescribed dosing schedule (2 
doses taken 7 hours apart) to maintain the antianginal effect (eg, take first dose on awakening and second 
dose 7 hours later). 


Daily headaches sometimes accompany treatment with nitrates, including Ismo, and are a marker of drug 
activity. Patients with headaches should not alter their treatment schedule since loss of headache may be 
associated with simultaneous loss of antianginal efficacy. Headaches may be treated with aspirin and/or 
acetaminophen without affecting the antianginal activity of Ismo. 


Light-headedness on standing, especially just after rising from a recumbent or seated position, may occur. 
This may be more frequent in patients who have consumed alcohol. 


DRUG INTERACTIONS Vasodilating effects of Ismo may be additive with those of other vasodilators, 
especially alcohol. 


Marked symptomatic orthostatic hypotension has been reported when calcium channel blockers and 
organic nitrates were used in combination. Dose adjustments of either class of agents may be necessary. 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY No carcinogenic effects were 
observed in mice or rats exposed to oral Ismo, nor were adverse effects on rat fertility observed. 


No mutagenic activity was seen in in vitro or in vivo assays. 


PREGNANCY CATEGORY C Ismo has been shown to have embryocidal effects in rats and rabbits at doses at 
least 70 times the maximum human dose. There are no adequate and well-controlled studies in pregnant 
women. Use during pregnancy only if potential benefit justifies potential fetal risk. 


NURSING MOTHERS Excretion in human milk is unknown. Use caution if administered to a nursing woman. 
PEDIATRIC USE Safety and effectiveness have not been established. 
Adverse Reactions Frequency of Adverse Reactions (Discontinuations)* Occurring in >1% of Subjects 


| | Controtiedu.S. Studies | 92 Clinical Studies | 
Se SE a" Va ee ee 
9% (0% 38% (9%) 
<1% (0%) 4% (3%) 
*Some individuals discontinued for multiple reasons 


Fewer than 1% of patients reported each of the following (in many cases a causal relationship is uncertain): 
Cardiovascular; angina pectoris, arrhythmias, atrial fibrillation, hypotension, palpitations, postural hypo- 
tension, premature ventricular contractions, supraventricular tachycardia, syncope. Dermatologic; pru- 
ritus, rash. Gastrointestinal; abdominal pain, diarrhea, dyspepsia, tenesmus, tooth disorder, vomiting. 
Genitourinary; dysuria, impotence, urinary frequency. Miscellaneous; asthenia, blurred vision, cold 
sweat, diplopia, edema, malaise, neck stiffness, rigors. Musculoskeletal; arthralgia. Neurologic; agita- 
tion, anxiety, confusion, dyscoordination, hypoesthesia, hypokinesia, increased appetite, insomnia, ner- 
vousness, nightmares. Respiratory; bronchitis, pneumonia, upper respiratory tract infection. 


Rarely, ordinary doses of organic nitrates have caused methemoglobinemia in normal-seeming patients 
(See Overdosage). 


Overdosage The ill effects of overdosage are generally related to the ability of Ismo to induce vasodilation, 
venous pooling, reduced cardiac output and hypotension. Symptoms may include increased intracranial 
pressure, with any or all of persistent throbbing headache, confusion, and moderate fever; vertigo. palpita- 
tions; visua! disturbances; nausea and vomiting (possibly with colic and even bloody diarrhea); syncope 
(especially with upright posture); air hunger and dyspnea, later followed by reduced ventilatory effort; 
diaphoresis, with the skin either flushed or cold and clammy; heart block and bradycardia; paralysis; coma; 
seizures and death. 


Serum levels have no role in managing overdose. The likely lethal dose in humans is unknown. 


There is neither a specific antidote to Ismo overdose, nor data to suggest a means for accelerating its 
elimination from the body; dialysis is ineffective. Hypotension associated with Ismo overdose results from 
venodilatation and arterial hypovolemia; therefore, direct therapy toward an increase in central fluid vol- 
ume. Use of arterial vasoconstrictors (eg, epinephrine) is likely to do more harm than good. In patients with 
renal disease or CHF, treatment of Ismo overdose may be difficult and require invasive monitoring. 


Methemoglobinemia has occurred in patients receiving other organic nitrates, and probably could eccur as 
a side effect of Ismo. There are case reports of significant methemoglobinemia in association with moderate 
overdoses of organic nitrates. None of the affected patients had been thought to be unusually susceptible. 
Suspect the diagnosis in patients who exhibit signs of impaired oxygen delivery despite adequate cardiac 
output and adequate arterial pO.. Classically, methemoglebinemic blood is chocolate brown, without color 
change on exposure to air. The treatment of choice for methemoglobinemia is methylene blue, 1-2 mg/kg 
intravenously. 


DOSAGE AND ADMINISTRATION The recommended regimen of Ismo tablets is 20 mg (one tablet) twice 
daily, with the two doses given 7 hours apart. For most patients, this can be accomplished by taking the first 
dose on awakening and the second dose 7 hours later. This dosing regimen provides a daily nitrate-free 
interval to avoid the development of refractory tolerance (see Clinical Pharmacology). 

Well-controlled studies have shown that tolerance to Ismo tablets is avoided when using the twice daily 
regimen in which the two doses are given 7 hours apart. This regimen has been shown to have antianginal 
efficacy beginning 1 hour after the first dose and lasting at least 5 hours after the second dose. The duration 
(if any) of antianginal activity beyond 12 hours has not been studied; large controlled studies with other 
nitrates suggest that no dosing regimen should be expected to provide more than 12 hours of continuous 
antianginal efficacy per day. 


Dosage adjustments are not necessary in the elderly patients or in patients with altered renal or hepatic 
function. 


This Brief Summary is based upon the current Ismo direction circular, Cl 4127-1, Issued January 10, 1992. 


-H- BOEHRINGER WYETH-AYERST 
AHROBINS e — YANO 
PHARMACEUTICALS > 
Adv. #60233 © 1992, Wyeth-Ayerst Laboratories 























CHANGE 
OF ADDRESS? 


Please call us 6-8 weeks in advance if you 
are moving. 





QUESTIONS 


OR PROBLEMS? 


Are you encountering any problems with 
your subscription? Need single copies or 
additional subscriptions? Call us toll free. 





GIFT 
GIVING? 


The journal makes a useful, 
timely gift to colleagues. Simply call to 
place your orders. 


CALL TOLL FREE 


0-637-607 


In Colorado call 1-303-388-4511 





REE eS ee SS SSS eee 


CONTENTS/ABSTRACTS 


a OEP eR Aes ial eke PORE Aa NE. mete Be Rae ME Dee i EE ed RS se 
Diagnostic Significance of Deep T-Wave Inversion Induced by 
Exercise Testing in Patients with Suspected Coronary Artery 
Disease 

Taishiro Chikamori, Yoshinori L. Doi, Takashi Furuno, Yoshihiro 
Yonezawa, and Toshio Ozawa 


406. 
Increase in Platelet Support of Thrombin Generation After 
Thrombolytic Therapy 

Ping Chang, David L. Aronson, James Scott, and Craig M. Kessler 


rT” O ial eae Uy Me a) Tema kg ae a CU UR ART a EE cP ats, Bee Pa 
Prevalence of Arrhythmias Detected by 24-Hour Ambulatory 
Electrocardiography and Value of Antiarrhythmic Therapy in 
Elderly Patients with Unexplained Syncope 

Wilbert S. Aronow, Anthony D. Mercando, and Stanley Epstein 


CASE REPORTS 


Ard grb hr et 27, Ms Se MARE OPO eRe eR Oe IR RT E 
Use of Endovascular Stents to Increase Pulmonary Blood Flow — 
in Pulmonary Atresia with Ventricular Septal Defect 

Evan M. Zahn, Valter C. Lima, Lee N. Benson, and Robert M. Freedom 


MG e ig a rt eB aT Se Og i eee 
Real-Time Three-Dimensional Reconstruction of Intravascular 
Ultrasound Images of Iliac Arteries 

Kenneth Rosenfield, Jenifer Kaufman, Ann Pieczek, R. Eugene Langevin, 
Jr., Syed Razvi, and Jeffrey M. Isner 


INSTRUCTIONS TO AUTHORS on page 416 
CLASSIFIED ADVERTISING on pages A85, A86, A87, A88 


ABSTRACTS A37 


Compatible with other antihypertensives 


Potentiates the efficacy of a widely used ACE inhibitor' 


Complements the action of calcium antagonists? 


Effectively controls hypertension with 
no adverse effect on lipids** 


The fastest growing brand of diuretic 
when used in combination with 
AGE inhibitors or calcium antagonists* 


*Scott-Levin Associates, Inc., Physician Drug and Diagnosis Audit (PDDA), 


January 1991--December 1991. 
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LOZOL® (indapamide) 2.5 mg tablets 
BRIEF SUMMARY 


INDICATIONS AND USAGE: LOZOL (indapamide) is indicated for the treatment of 
hypertension, alone or in combination with other antihypertensive drugs, and for the 
treatment of salt and fiuid retention associated with congestive heart failure. 

Usage in Pregnancy: See PRECAUTIONS. 


CONTRAINDICATIONS: Anuria, hypersensitivity to indapamide or other sulfonamide- 
derived drugs. 


WARNINGS: Infrequent cases of severe hyponatremia, accompanied dy hypokalemia, 
have been reported with the use of recommended doses of indapamide primarily in 
elderly females. S were reversed by electrolyte replenishment (see 
PRECAUTIONS). ia occurs Commonly with diuretics (see 

REACTIONS, ), and electrolyte monitoring is essential. In general, diuretics 
should not be given with lithium. 

PRECAUTIONS: Perform serum electrolyte determinations at appropriate intervals, 
especially in patients who are vomiting excessively or receiving parenteral fluids, in 
patients subject to electrolyte imbalance, or in patients on a salt-restncted diet. In 
addition, patients should be observed for clinical signs of fluid or electrolyte imbalance, 
such as hyponatremia, hypochioremic alkalosis, or hypokalemia. The risk of 
hypokalemia secondary to diuresis and natriuresis is increased with larger doses, with 
brisk diuresis, with severe cirrhosis, and with concomitant use of corticosteroids or 
ACTH. interference with adequate oral intake of electrolytes will also contribute to 
hypokalemia. can sensitize or exaggerate the response of the heart to the 
toxic effects of digi j 

Dilutional 


such as increased ventricular irritability. 
hyponatremia may occur in edematous patients; appropriate treatment is 
usually water restriction. In actual salt depletion, appropriate replacement is the 
treatment of choice. Chloride deficit is usually mild, not requiring specific treatment 
except in extraordinary circumstances (liver, renal disease). — 
Hyperuricemia may occur, and frank gout may be itated in certain patients 
receiving indapamide. Serum concentrations of uric acid should be monitored 


with caution in patients with severe renal disease: consider withholding or 
ee ener eevee Tonal aasia Ge Shalt 


Use with caution in patients with impaired hepatic function or progressive liver disease, 
since minor alterations of fluid and electrolyte balance may precipitate hepatic coma. 
Latent diabetes may become manifest and insulin requirements in diabetic patients 
may be altered during thiazide administration. Serum concentrations of glucose should 





be monitored routinely during treatment with indapamide. 

Calcium excretion is decreased by diuretics pharmacologically related to indapamide. 
Serum concentrations of calcium increased only slightly with indapamide in long-term 
Studies of hypertensive patients. Indapamide may decrease serum PBI levels without 
signs of thyroid disturbance. Complications of hyperparathyroidism have not been 
seen. Discontinue before tests of parathyroid function are performed. 

Thiazides have exacerbated or activated systemic lupus erythematosus. Consider this 
possibility with indapamide. 

DRUG INTERACTIONS: LOZOL may add to or potentiate the action of other 
antihypertensive drugs. The antihypertensive effect of the drug may ‘de enhanced in 
the postsympathectomized patient. Indapamide may decrease arterial responsiveness 
to norepinephrine, but this does not preclude the use of norepinephrine. 

In mouse and rat lifetime carcinogenicity studies, there were no significant differences 
in the incidence of tumors between the indapamide-treated animals and the contro! 
groups. 


Pregnancy Category B: Diuretics cross the placental barrier and appear in cord blood. 
Indapamide should be used during pregnancy only if clearly needed. Use may be 
associated with fetal or neonatal jaundice, thrombocytopenia, and possibly other 
adverse effects that have occurred in adults. It is not known whether this drug is 
excreted in human milk. If use of this drug is deemed essential, the patient should stop 
nursing. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient. From 
Phase Il placebo-controlled studies and long-term controlled clinical fials, adverse 
reactions with > 5% cumulative incidence: headache, dizziness, fatigue, weakness, 
loss of energy, lethargy, tiredness or malaise, muscle cramps or spasm or numbness 
of the extremities, nervousness, tension, anxiety, irritability or agitation; < 5% 
cumulative incidence: , drowsiness, vertigo, insomnia,.depression, 
blurred vision, constipation, nausea, vomiting, diarrhea, gastric irritation, abdominal 
pain or cramps, anorexia, orthostatic hypotension, premature ventricular contractions, 
irregular heart beat, palpitations, frequency of urination, nocturia, polyuria, rash, hives, 
pruritus, vasculitis, impotence or reduced libido, rhinorrhea, flushing, nyperuricemia, 
glycemia, hyponatremia, hypochloremia, increase in serum BUN-or creatinine, 
ria, weight loss, dry mouth, tingling of extremities. Hypokalemia with 
concomitant clinical signs or symptoms occurred in 3% of patients receiving 
indapamide 2.5 mg q.d. and 7% of patients receiving indapamide 5 mg q.d. In long- 
term controlled clinical trials comparing the hypokalemic effects of day doses 
of indapamide and thiazide, however, 47% of patients receiving 
indapamide 2.5 mg, 72% of patients receiving indapamide 5 mg, and 44% of patients 
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receiving hydrochlorothiazide 50 mg had at least one potassium value (out of a total of 
11 taken during the study) below 3.5 mEq/L On the indapamide 2.5 mg group, over 
50% of those patients returned to normal serum potassium values without 
intervention. Other adverse reactions reported with antihypertensive/diuretics are 
intrahepatic cholestatic jaundice, sialadenitis, xanthopsia, photosensitivity, purpura, 
bullous eruptions, Stevens-Johnson syndrome, necrotizing angiitis, fever, respiratory 
distress (including pneumonitis), anaphylactic reactions, agranulocytosis, leukopenia, 
thrombocytopenia, aplastic anemia. 

CAUTION: Federal (U.S.A) law prohibits dispensing without prescription. 
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Association of Patency of the Infarct-Related 
Coronary Artery with Plasma Levels of 
Plasminogen Activator Inhibitor Activity in 
Acute Myocardial Infarction 


Tomohiro Sakamoto, MD, Hirofumi Yasue, MD, Hisao Ogawa, MD, 
Ikuo Misumi, MD, and Takenobu Masuda, MD 


To examine the fibrinolytic capacity in patients 
with acute myocardial infarction (AMI), baseline 
levels of plasma plasminogen activator inhibitor 
(PAI) activity and tissue-type plasminogen activa- 
tor (t-PA) antigen were measured in 47 patients 
with Q-wave AMI who underwent emergent coro- 
nary angiography 3.0 + 0.2 hours after the symp- 
tom onset. They received intracoronary injection 
of urokinase if their infarct-related arteries were 
occluded. They were classified into 3 groups ac- 
cording to the patency of the infarct-related artery 
before and after thrombolytic therapy: the patent 
group (13 patients), the recanalized group (23 pa- 
tients) and the occluded group (11 patients). The 
mean level of plasma PAI activity (IU/ml) was 
higher in patients with AMI as a whole than in the 
control group (12.8 + 1.6 vs 5.4 + 0.5, p <0.01). 
The level was lower in the patent group (3.0 + 
1.1) and higher in the recanalized (18.6 + 2.2) 
and occluded (10.8 + 2.5) groups than in the con- 
trol group (each p <0.01). The level was lower in 
the occluded than in the recanalized group (p 
<0.01) and 62% of the patients in the occluded 
group had levels within range of the control group. 
The mean level of plasma t-PA antigen (ng/ml) 
was higher in patients with AMI as a whole than 
in the control group (10.3 + 0.8 vs 5.8 + 0.3, p 
<0.01). There was no difference in the level 
among the 3 groups with AMI. Thus, this study in- 
dicates that there is a significant relation between 
the baseline plasma fibrinolytic capacity and the 
patency of the infarct-related artery before and af- 
ter thrombolytic therapy. 

(Am J Cardiol 1992;70:271-276) 
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paired in patients with acute myocardial infarction 

(AMI).!-? The central component of the fibrinolytic 
system is plasmin which degrades fibrin or thrombus 
and which is converted from plasminogen by tissue-plas- 
minogen activator (t-PA).4 However, t-PA in plasma is 
rapidly inhibited by plasminogen activator inhibitor 
(PAI).°° Thus, the net fibrinolytic activity in plasma 
reflects the balance between PAI and t-PA.’ 

Recent studies revealed that approximately 20 to 
30% of the infarct-related arteries were patent before 
thrombolytic therapy even in the early phase of acute 
transmural myocardial infarction,*-!° and approximate- 
ly 20 to 30% of the infarct-related arteries were resis- 
tant to thrombolytic therapy.!!-!4 The present study was 
designed to examine the relation between the pretreat- 
ment patency or the responsiveness to coronary throm- 
bolytic therapy of the infarct-related artery and fibrino- 
lytic function in patients with AMI by measuring plas- 
ma PAI activity and t-PA antigen levels. 


I: has been reported that fibrinolytic function is im- 


METHODS 

Patients: We studied 47 consecutive patients with 
first Q-wave AMI (34 men and 13 women, mean age 
62 years, range 31 to 82 years) who were admitted to 
our institution within 6 hours after the symptom onset. 
All patients were diagnosed as having AMI based on 
typical chest pain lasting >30 minutes with ST-segment 
elevation of >0.2 mV in 22 contiguous leads on a stan- 
dard 12-lead electrocardiogram and an increase of cre- 
atine kinase-MB fraction to the level of at least twice 
the upper level of normal. Patients with previous AMI, 
severe liver disease, septicemia, disseminated intravas- 
cular coagulation, cardiogenic shock and contraindica- 
tion to thrombolytic therapy (e.g., active internal bleed- 
ing, recent head trauma, and so on) were excluded. The 
control group consisted of 35 patients (18 men and 17 
women, mean age 59 years, range 38 to 78) with atypi- 
cal chest pain who had angiographically normal coro- 
nary arteries and no evidence of myocardial ischemia. 
Written informed consent was obtained from each pa- 
tient and his or her family. The study protocol was in 
agreement with the guidelines of the ethics committee 
at our institution. 
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Coronary angiography: Immediately after they were 
diagnosed as having AMI, all patients underwent emer- 
gent coronary angiography for coronary thrombolytic 
therapy with urokinase. All patients were administered 
sublingual nitroglycerin up to 0.6 mg or intravenous iso- 
sorbide dinitrate up to 10 mg, or both, before coronary 
angiography. The infarct-related artery was defined as 
a major coronary artery with its perfusing area compat- 
ible with the distribution of ST-segment elevation on a 
12-lead electrocardiogram and the asynergic area on 
2-dimensional echocardiography. All patients under- 
went repeat (predischarge) coronary angiography 3 to 4 
weeks after admission. 

Patency of the infarct-related artery: Nitroglycerin 
200 ug was injected into the infarct-related artery. If 
the infarct-related artery was occluded, urokinase up to 
960,000 U was injected into the artery. Patency of the 
infarct-related artery was assessed by 2 independent ob- 
servers who were unaware of the clinical course of the 
patients except for electrocardiographic localization of 
the infarction according to the Thrombolysis in Myo- 
cardial Infarction perfusion criteria.!> Coronary occlu- 
sion was defined as grade 0 or 1 and patency as grade 2 
or 3 of the criteria. Patients were classified into 3 
groups: the patent group, the infarct-related artery was 
patent before coronary thrombolytic therapy; the reca- 
nalized group, the infarct-related artery was recanal- 
ized after coronary thrombolytic therapy; and the oc- 
cluded group, the infarct-related artery remained oc- 
cluded even after coronary thrombolytic therapy. 

Blood sampling: Venous blood samples for the mea- 
surement of PAI activity and t-PA antigen were ob- 
tained immediately before administration of heparin 
and other drugs from the 8Fr size sheath inserted into 
the femoral vein at emergent coronary angiography im- 
mediately after the insertion. At the time of sampling, 
the initial 5 ml of blood was discarded, and the subse- 
quent 4.5 ml venous blood was collected in a sequential 
manner into a glass tube containing 0.5 ml sodium ci- 
trate (0.13 mol/liter, pH 7.5). Blood sampling for mea- 
surement of C-reactive protein was obtained at the 
same time. All blood samples were immediately centri- 
fuged at 3,000 rpm for 15 minutes at 4°C, and aliquots 
of samples were immediately stored at —80°C for sub- 
sequent assay and analysis. Blood sampling for bio- 
chemical assessments was obtained after a 12-hour fast 
after admission. Venous blood samples were also ob- 
tained 3 to 4 weeks after the onset of AMI in the same 
manner from the antecubital vein without stasis early in 
the morning to measure PAI activity and t-PA antigen 
in the chronic phase. 

Determination of plasminogen activator inhibitor 
activity: PAI activity levels were measured by the com- 
mercial chromogenic single point poly-D-lysine stimu- 
lated assay kits produced by Biopool Inc., Umea, Swe- 
den.'® Results were expressed in IU/ml. Intraassay and 
interassay coefficients of variation in this assay were 9.4 
and 11.4%, respectively. The normal value for PAI ac- 
tivity in our laboratory (control group, n = 35) was 5.4 
+ 0.5 (mean + SEM) IU/ml. 

Determination of tissue-type plasminogen activator 
antigen: t-PA antigen levels were measured by the com- 


mercial enzyme-linked immunosorbent assay kits pro- 
duced by Diagnostica Stago Inc., Francoville, France,!7 
where “sandwich” method was used. Results were ex- 
pressed in ng/ml. Intraassay and interassay coefficients 
of variation in this assay were 2.4 and 4.7%, respective- 
ly. The normal value for t-PA antigen in our laboratory 
(control group, n = 35) was 5.8 + 0.3 (mean + SEM) 
ng/ml. 

Biochemical assessments: Samples were taken ev- 
ery 4 hours over the first 24 hours for determination 
of creatine kinase and analyzed by the NADPH-UV 
method.'* Plasma concentrations of C-reactive protein 
were determined by the immunonephelometric meth- 
od.'? Serum levels of triglyceride and total cholesterol 
were measured by the standard enzymatic method. 

Statistical analysis: Group data were expressed as 
mean + SEM. Plasma levels of PAI activity and t-PA 
antigen between the acute and chronic phases were 
evaluated by paired ¢ test. Levels of the 3 AMI groups 
and the control group were evaluated by 1-way analysis 
of variance, and if it was significant, Duncan’s multiple 
test was performed. Evaluation of age, time, total cho- 
lesterol, triglyceride and C-reactive protein and clinical 
outcome of the 3 AMI groups were also performed sim- 
ilarly. Other baseline characteristics of the 3 AMI 
groups were analyzed by chi-square test. A probability 
value <0.05 was considered statistically significant. 


RESULTS 

Baseline characteristics and clinical outcome: 
Emergent coronary angiography was performed in 47 
patients who were diagnosed as having AMI 3.0 + 0.2 
hours after the symptom onset. Of these 47 patients, 
coronary angiography revealed a patent infarct-related 
artery in 11 patients (patent group) and an occluded 
infarct-related artery in the remaining 36 patients. 
Thus, the pretreatment patency rate was 23%. After 
intracoronary injection of urokinase, the infarct-re- 
lated artery was recanalized in 23 patients (recanalized 
group) and remained occluded in the remaining 13 pa- 
tients (occluded group). The baseline characteristics 
were similar in these 3 groups except for gender and 
mean time of onset and blood sampling (Table I). Per- 
cutaneous transluminal coronary angioplasty was per- 
formed in 7 patients in the occluded group, and 5 of 
these patients had successful recanalization. Patients in 
the patent group had more favorable clinical courses 
than in the other 2 groups, as reflected by lower peak 
levels of creatine kinase and by higher left ventricular 
ejection fraction calculated from cine-left ventriculog- 
raphy at discharge. The patency rate of infarct-related 
artery at discharge was lower in the occluded group 
than in the other 2 groups (Table II). 

Plasma plasminogen activator inhibitor activity and 
tissue-type plasminogen activator antigen levels in all 
patients with acute myocardial infarction: Figures 1 
and 2 show plasma PAI activity and t-PA antigen levels 
in the control group and in patients with AMI. Both 
PAI activity and t-PA antigen levels were increased in 
the acute phase of infarction compared with those in the 
control group (p <0.01). In the chronic phase, levels 
were decreased compared with those in the acute phase 
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(p <0.05), but were still higher than those of the control 
group (p <0.05 in PAI activity, p <0.01 in t-PA anti- 
gen). There was much overlap of PAI activity levels be- 
tween patients with AMI and the control group, even in 
the acute phase. 


TABLE I Baseline Characteristics of Patients with Acute 
Myocardial Infarction 


Groups 


Patent Recanalized Occluded 
(n = N} (n = 23) (n = 13) 
(%) (%) (%) 


10/1 
64+ 3 
3.0 + 0.7 
(1.0—6.0) 

14:13 

17:12 


18/5 6/7 
60 +2 64 +3 
ILE 2.8+0.5 
(1.0—6.0) (0.5—5.2) 

9:11* 16:38 

12:14* 19:23 


Men/women 
Mean age (yr) 
Time to coronary 
angiography (hours) 
Mean time of onset 
Mean time of blood 
sampling 
Infarct-related artery 
Left anterior 
descending 
Left circumflex 
Right 
No. of coronary 
arteries narrowed 
> 50% in diameter 


5 (45) 11 (48) 5 (38) 
1 (10) 


5 (45) 


5 (38) 
3 (24) 


1 (4) 
11 (48) 


7 (64) 
2 (18) 
2 (18) 


13 (57) 
4 (17) 
6 (26) 


7 (54) 
6 (46) 
0 (0) 
Killip classification 
at admission 
Class | 
Class II to IV 
Forrester classification 
at admission 
H-1 8 (73) 
H-2 to H-4 3 (27) 
Serum total cholesterol 188 + 9 
levels (mg/dl) 
Serum triglyceride 
levels (mg/dl) 
C-reactive protein 
(mg/dl) 
Diabetes mellitus 
Obesity 2 (18) 9 (39) 5 (38) 
Smoker 8 (73) 14 (61) 9 (69) 


*p <0.01 (recanalized vs patent or occluded group). 


TABLE il Clinical Outcome of Patients with Acute Myocardial 
Infarction 


8 (73) 
3 (27) 


13 (57) 
10 (43) 


9 (69) 
4 (31) 


13 (57) 
10 (43) 
184 + 13 


10 (77) 
3 (23) 
196 +9 
136 + 11 


167 + 24 114+ 21 


0.63 +0.30 0.67+0.23 0.34+0.13 
3 (27) 


5 (22) 3 (23) 





Groups 


Patent Recanalized Occluded 
(n = 11) (n = 23) (n = 13) 
(%) (%) (%) 


Peak levels of 1,012 + 222 2,959 + 492* 
creatine kinase 
(1U/U) 

LVEF at discharge 
(%) 

Patency of IRA 
at discharge 


2,588 + 586* 


7425 55 -4'37 50 + 6* 


11 (100) 22 (96) 7 (54)* 


*p <0.01 versus patent group. 

Seven patients whose IRAs were patent at discharge in the occluded group included 
> patients who had undergone successful percutaneous transluminal coronary angio- 
p 


asty. 
IRA = infarct-related artery; LVEF = left ventricular ejection fraction. 





Plasma plasminogen activator inhibitor activity and 
tissue-type plasminogen activator antigen levels in the 
three groups with acute myocardial infarction: Mean 
plasma PAI activity level (IU/ml) was lower in the pat- 
ent than in the control group (3.0 + 1.1 vs 5.4 0.5, p 
<0.01) (Figure 3). The level was higher in the recanal- 
ized and occluded groups than in the control group 
(18.6 + 2.2 in the recanalized group and 10.8 + 2.5 in 
the occluded group vs 5.4 + 0.5 in the control group, p 
<0.01). Moreover, the level was higher (p <0.01) in the 
recanalized than in the occluded group. The PAI activi- 
ty levels of 8 patients (62%) in the occluded group were 
within the levels of the control group. 

Mean plasma t-PA antigen level (ng/ml) was in- 
creased in all of the 3 AMI groups compared with that 
in the control group (9.6 + 1.9 in the patent group, 11.1 
+ 1.1 in the recanalized group and 9.5 + 1.4 in the 
occluded group vs 5.8 + 0.3 in the control group, p 
<0.01) (Figure 4). However, there was no significant 
difference in the level among the 3 AMI groups. 


DISCUSSION 

Fibrinolytic function in acute myocardial infarction: 
The present study shows that plasma levels of PAI ac- 
tivity were increased in most patients with AMI, al- 
though t-PA antigen levels were also increased in most 
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FIGURE 1. Plasma plasminogen activator inhibitor (PAI) ac- 
tivity levels in control subjects and in patients with acute myo- 
cardial infarction as a whole in acute and chronic phases. 
Mean plasma PAI activity level (IU/ml) was increased in the 
acute phase compared with that in the control group (12.8 + 
1.6 vs 5.4 + 0.5, p <0.01). The level was decreased in the 
chronic phase compared with that in the acute phase (8.3 + 
1.2 vs 12.8 + 1.6, p <0.05), but was still higher than in the 
control group (p <0.05). 
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of them. Thus, plasma fibrinolytic function is impaired 
and PAI plays a more important role than t-PA in the 
regulation of the plasma fibrinolytic system in most pa- 
tients with AMI. 

The impairment of plasma fibrinolytic function was 
more marked in the acute than in the chronic phase. 
However, there was much overlap of the levels between 
the patients with myocardial infarction and the control 
subjects, even in the acute phase. These results are in 
agreement with those of previous studies.!->20 However, 
when patients were classified into 3 groups according to 
whether their infarct-related arteries were patent before 
or recanalized after thrombolytic therapy, or remained 
occluded after thrombolytic therapy, the mean level of 
plasma PAI activity was significantly different among 
the 3 AMI groups. The mean level of plasma PAI activ- 
ity was significantly lower in the patent than in the con- 
trol group, whereas the level was significantly increased 
in the recanalized and occluded groups compared with 
that in the control group. Moreover, the level was signif- 
icantly higher in the recanalized than in the occluded 
group. In addition, there was much overlap of the levels 
between the occluded and the control groups, and more 
than half of the patients in the occluded group had a 
normal level of plasma PAI activity. 

In contrast, mean plasma t-PA antigen level was sig- 
nificantly increased in all 3 groups with AMI compared 
with that in the control group. However, there were no 
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FIGURE 2. Plasma tissue-type plasminogen activator (t-PA) 
antigen levels in control subjects and in patients with acute 
myocardial infarction as a whole in the acute and chronic 
phases. Mean plasma t-PA antigen level (ng/ml) was in- 
creased in the acute phase compared with that in the control 
group (10.3 + 0.8 vs 5.8 + 0.3, p <0.01). The level was de- 
creased in the chronic phase compared with that in the acute 
phase (8.5 + 0.6 vs 10.3 + 0.8, p <0.05), but was still higher 
than the level in the control group (p <0.01). 





significant differences in the level among the 3 groups. 
Thus, the differences in the fibrinolytic capacity among 
the 3 groups were due to differences in the level of PAI 
and not to differences in the level of t-PA. This again 
indicates that PAI and not t-PA plays a leading role in 
the regulation of the plasma fibrinolytic system in pa- 
tients with AMI. 

These results, therefore, indicate that the fibrinolytic 
capacity was elevated in most patients in the patent 
group and strongly suggest that enhanced fibrinolytic 
capacity may lead to spontaneous recanalization of the 
occluded artery in the early phase of AMI in these pa- 
tients. Conversely, the fibrinolytic capacity was de- 
creased in most patients in the recanalized group at 
first; however, enhanced fibrinolytic capacity caused by 
thrombolytic therapy may have recanalized the occlud- 
ed artery in these patients. More than half of the pa- 
tients whose infarct-related arteries were unresponsive 
to thrombolytic therapy had normal fibrinolytic func- 
tion and it is possible that coronary occlusive thrombosis 
may not have played a primary role in the genesis of 
myocardial infarction in these patients. Occlusion of the 
artery by nonthrombotic mechanisms such as local dis- 
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FIGURE 3. Plasma plasminogen activator inhibitor (PAI) ac- 
tivity levels in control subjects and in patients with acute myo- 
cardial infarction. Patients were classified into 3 groups by 
the patency of infarct-related artery before or after intracoro- 
nary thrombolytic therapy. Mean plasma PAI activity level 
(IU/ml) was lower in the patent than in the control group (3.0 
+ 1.1 vs 5.4 + 0.5, p <0.01). The level was higher in the re- 
canalized and occluded groups than in the control group (18.6 
+ 2.2 in the recanalized and 10.8 + 2.5 in the occluded 
groups vs 5.4 + 0.5). The level was higher in the recanalized 
than in the occluded group (p <0.01). 
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FIGURE 4. Plasma tissue-type plasminogen activator (t-PA) 
antigen levels in the control group and the 3 acute myocardial 
infarction groups. Mean plasma t-PA antigen level (ng/ml) 
was increased in all of the 3 acute myocardial infarction 
groups compared with that in the control group (9.6 + 1.9 in 
the patent group, 11.1 + 1.1 in the recanalized group and 9.5 
+ 1.4 in the occluded group vs 5.8 + 0.3, p <0.01). However, 
there was no difference in the level among the 3 groups. 


section or plaque hemorrhage with mechanical com- 
pression may be a possibility. 

Plasminogen activator inhibitor as an acute phase 
reactant: PAI is known to be an acute phase reac- 
tant,?!,2 and it is possible that the increased levels of its 
activity in the occluded and recanalized groups may be 
the result of more extensive AMI. C-reactive protein is 
a fast and widely fluctuating acute phase reactant; its 
plasma levels provide a sensitive although nonspecific 
indication of the degree of acute phase response and 
generally reflects the extent of tissue damage.”? How- 
ever, there was no difference in the mean plasma level 
of C-reactive protein among the 3 AMI groups. Thus, 
the differences of PAI activity were not derived from 
the differences of acute phase reaction. 

Pretreatment patency of infarct-related artery: 
DeWood and his co-workers® reported that the pat- 
ency rate of the infarct-related artery increased as the 
time from the symptom onset to coronary angiography 
increased. In the present study, however, there was no 
difference in the mean time from the symptom onset to 
coronary angiography among the 3 groups. Because we 
had administered enough amounts of nitroglycerin or 
isosorbide dinitrate before coronary angiography in 
each patient, the patent group may have included some 
patients whose attacks of AMI may have resulted from 
coronary spasm.?4 

Comparisons with other studies: Andreotti et al?5 
reported that plasma PAI activity levels did not differ 


significantly among patients with patent and occluded 
arteries by performing coronary angiography before and 
90 minutes after infusion of t-PA on admission.2> How- 
ever, they included patients with pretreatment patent 
arteries and those with recanalized arteries together in 
the patent group, and the number of their patients was 
small. Barbash et al? reported that pretreatment plasma 
levels of PAI activity were significantly higher in pa- 
tients with occluded arteries than in those with patent 
arteries after thrombolytic therapy. However, they 
performed coronary angiography only 72 hours after 
thrombolytic therapy, and it is quite possible that there 
may have been some patients whose infarct-related 
arteries were initially recanalized but were followed by 
reocclusion, or some patients whose arteries may have 
become spontaneously recanalized within 72 hours. Be- 
cause they did not perform coronary angiography be- 
fore thrombolytic therapy, their data did not show the 
incidence of pretreatment patency, recanalization and 
occlusion rates of the infarct-related arteries in response 
to thrombolytic therapy. 

Study limitations: Because our findings are pertinent 
to measurements made about 3 hours after the symp- 
tom onset, they represent only a snapshot of possible 
dynamic changes. Moreover, the potential of thrombol- 
ysis may differ in each thrombolytic agent. Thus, classi- 
fication of the patients who underwent thrombolytic 
therapy into the recanalized and occluded groups is de- 
pendent on the specific thrombolytic agent used. 
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From Merck Research Laboratories 


ZOCOR i 
SIMVASTATIN 


An HMG-CoA reductase inhibitor 
for a wide range of patients 


with primary hypercholesterolemia 
(Types IIa and IIb) as an adjunct to diet 


For a Brief Summary of Prescribing Information, please see the last page of this advertisement. 
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with primary hypercholesterolemia, 
Working to achieve your 
high standards for lowering cholesterol 
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In indicated patients, 


A positive effect 
on all key lipid parameters 


Overall mean soe changes* wi 


ath Total Triglycerides 
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The recommended starting dose 
is 5 or 10 mg once a day in the 
evening. Patients with LDL 
cholesterol levels (on diet) 

>190 mg/dL should be started 
on 10 mg once a day. A starting 
dose of 5 mg once a day should 
be considered for patients with 
LDL cholesterol (on diet) of 
<190 mg/dL and for elderly 
patients. For more information 
about dosage, including 

dosage in patients who are on 
concomitant immunosuppressive 
therapy or in patients with severe 
renal insufficiency, see full 
Prescribing Information. 


ZOCOR is contraindicated in 
patients who are hypersensitive 
to any component of the 
medication; in patients 

with active liver disease 

or unexplained persistent 
transaminase elevations (see 
WARNINGS); in pregnant or 








lactating patients; and in women * Mean percent changes from baseline from two randomized controlled | ONCE DAILY | 
of childbearing age except when trials of 6 to 8 weeks’ duration in 95 patients receiving ZOCOR 5 mg 
such patients are highly unlikely once daily. In these studies, mean baseline cholesterol levels (on diet) Be 
to conceive. For additional were 209 mg/dL for LDL cholesterol and 288 mg/dL for total cholesterol. mg | 10mg 

le i — ** Mean percent changes from baseline from six randomized controlled 
apa eee information d trials of 4 to 12 weeks’ duration in 767 patients receiving ZOCOR 10, 20, mi 
about liver function testing an or 40 mg once daily. In these studies, mean baseline cholesterol levels š > 
myopathy, see full Prescribing (on diet) were 277 mg/dL for LDL cholesterol and 354 mg/dL for total 
Information. cholesterol. 


For a Brief Summary of Prescribing Information, please see the 
next page of this advertisement. 
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ZOCOR 


SIMVASTATIN 








ZOCOR 


(SIMVASTATIN) 


ZOCOR is available in 5-mg, 10-mg, 
20-mg, and 40-mg tablet strengths. 


CONTRAINDICATIONS: Hypersensitivity to any component of this 
medication, 

Active liver disease or unexplained persistent elevations of serum 
transaminases (see WARNINGS) 

Pregnancy and lactation. Atherosclerosis is a chronic process, and the 
discontinuation of lipid-lowering drugs during pregnancy should have little 
impact on the outcome of long-term therapy of primary hypercholesterolemia. 
Moreover, cholesterol and other products of the cholesterol biosynthesis 
pathway are essential components for fetal development, including synthesis 
of steroids and cell membranes. Because of the ability of HMG-CoA reductase 
inhibitors such as ZOCOR® (Simvastatin) to decrease the synthesis of 
cholesterol and possibly other products of the cholesterol! biosynthesis 
pathway, ZOCOR may cause fetal harm when administered to a pregnant 
woman. Therefore, simvastatin is contraindicated during pregnancy and in 
nursing mothers. Simvastatin should be administered to women of 
childbearing age only when such patients are highly unlikely to 
conceive. |! a patient becomes pregnant while taking this drug, simvastatin 
should be discontinued and the patient should be apprised of the potential 
hazard to the fetus 
WARNINGS: Liver Dysfunction: Persistent increases (to more than 
3 times the upper limit of normal) in serum transaminases have 
occurred in 1% of patients who received simvastatin in clinical 
trials. When drug treatment was interrupted or discontinued in these 
patients, the transaminase levels usually fell slowly to pretreatment levels. 
The increases were not associated with jaundice or other clinical signs or 
symptoms. There was no evidence of hypersensitivity 

It is recommended that liver function tests be performed during 
therapy with simvastatin. Serum transaminase levels, including 
ALT (SGPT), should be monitored before treatment begins, every 6 
weeks for the first 3 months, every 8 weeks during the remainder 
of the first year, and periodically thereafter (e.g., at approximately 
6-month intervals). Special attention should be paid to patients who 
develoo elevated serum transaminase levels, and in these patients, 
measurements should be repeated promptly and then performed more 
frequently. If the transaminase levels show evidence of progression, 
particularly if they rise to 3 times the upper limit of normal and are persistent, 
the drug should be discontinued. Liver biopsy should be considered if 
elevations persist beyond the ciscontinuation of the drug 

The drug should be used with caution in patients who consume 
substantia! quantities of alcohol and/or have a past history of liver disease 
Active liver diseases or unexplained transaminase elevations are 
contraindications to the use of simvastatin. 

As with other lipid-lowering agents, moderate (less than 3 times the upper 
limit of normal) elevations of serum transaminases have been reported 
following therapy with simvastatin. These changes appeared soon after 
initiation of therapy with simvastatin, were often transient, were not 
accompanied by any symptoms, and did not require interruption of treatment 
Skeletal Muscle: Rare cases of rhabdomyolysis with acute renal failure 
secondary to myoglobinuria have been associated with simvastatin therapy 
Rhabdomyolysis has also been associated with other HMG-CoA reductase 
inhibitors when they were administered alone or concomitantly with 1) 
immunosuppressive therapy, including cyclosporine in cardiac transplant 
patients; 2) gemfibrozil or lipid-lowering doses (21 g/day) of nicotinic acid in 
non-transplant patients; or 3) erythromycin in seriously ill patients. Some of 
the patients who had rhabdomyolysis in association with the reductase 
inhibitors had preexisting renal insufficiency, usually as a consequence of 
longstanding diabetes. In most subjects who have had an unsatisfactory lipid 
response to either simvastatin or gemfibrozil alone, the possible benefits of 
combined therapy with these drugs are not considered to outweigh the risk of 
severe myopathy, rhabdomyolysis, and acute renal failure. While it is not 
known whether this interaction occurs with fibrates other than gemfibrozil, 
myopathy and rhabdomyolysis nave occasionally been associated with the use 
of other fibrates alone, including clofibrate. Therefore, the combined use of 
simvastatin with other fibrates should generally be avoided 

Physicians contemplating combined therapy with simvastatin and lipid- 
lowering doses of nicotinic acid or with immunosuppressive drugs should 
carefully weigh the potential benefits and risks and should carefully monitor 
patients tor any signs or symptoms of muscle pain, tenderness, or weakness, 
particularly during the initial months of therapy and during any periods of 
upward dosage titration of either drug. Periodic creatine phosphokinase (CPK) 
determinations may be considered in such situations, but there is no assurance 
that such monitoring will prevent the occurrence of severe myopathy 

Because of an apparent relationship between myopathy and increased plasma 
levels of active metabolites derived from other HMG-CoA reductase inhibitors, 
the daily dosage should not exceed 10 mg/day in patients who are taking 
cyclosporine (see DOSAGE AND ADMINISTRATION in Prescribing Information). 

Simvastatin therapy should be temporarily withheld or 
discontinued in any patient who has an acute, serious condition 
suggestive of a myopathy or who has a risk factor predisposing to 
the development of renal failure secondary to rhabdomyolysis 
(e.g., severe acute infection, hypotension, major surgery, trauma, 
severe metabolic, endocrine, and electrolyte disorders, and 
uncontrolled seizures). 

Myopathy should be considered in any patient with diffuse myalgias, 
muscle tenderness or weakness, and/or marked elevation of CPK. Patients 
should be advised to report promptly unexplained muscle pain, tenderness, 
or weakness, particularly if accompanied by malaise or fever. Simvastatin 
therapy should be discontinued if markedly elevated CPK levels occur or if 
myopathy is diagnosed or suspected 
PRECAUTIONS: General: Betore instituting therapy with ZOCOR, an attempt 
should be made to control hypercholesterolemia with appropriate diet, exercise, 
and weight reduction in obese patients and to treat other underlying medical 
problems (see INDICATIONS AND USAGE in Prescribing Information) 

Simvastatin may cause elevation of CPK and transaminase levels (see 
WARNINGS and ADVERSE REACTIONS). This should be considered in the 
differential diagnosis of chest pain in a patient on therapy with simvastatin 
Homozygous Familial Hypercholesterolemia: ZOCOR is less eftective 
in patients with the rare homozygous familial hypercholesterolemia, 
possibly because these patients have few functional LDL receptors 
Information for Patients: Patients should be advised to report promptly 
unexplained muscle pain, tenderness, or weakness, particularly if 
accompanied by malaise or fever 


Drug Interactions: Immunosuppressive Drugs, Gemfibrozil, Niacin 
(Nicotinic Acid), Erythromycin: See WARNINGS, Skeletal Muscle. 

Antipyrine: Because simvastatin had no effect on the pharmacokinetics of 
antipyrine, interactions with other drugs metabolized via the same 
cytochrome isozymes are not expected. 

Propranolol: \n healthy male volunteers, there was a significant decrease in 
mean Cmax, but no change in AUC, for simvastatin total and active inhibitors 
with concomitant administration of single doses of ZOCOR™ (Simvastatin) 
and propranolol. The clinical relevance of this finding is unclear. The 
pharmacokinetics of the enantiomers of propranolo! were not affected 

Digoxin: Concomitant administration of a single dose of digoxin in healthy 
male volunteers receiving simvastatin resulted in a slight elevation (less than 
0.3 ng/mL) in digoxin concentrations in plasma (as measured by a 
radioimmunoassay) compared to concomitant administration of placebo and 
digoxin. Patients taking digoxin should be monitored appropriately when 
simvastatin is initiated. 

Warfarin: Simvastatin therapy appeared to enhance slightly the 
anticoagulant effect of warfarin (mean changes in prothrombin time less than 
2 seconds) in normal volunteers maintained in a state of low therapeutic 
anticoagulation. With other reductase inhibitors, clinically evident bleeding 
and/or increased prothrombin time has been reported in a few patients taking 
coumarin anticoagulants concomitantly. In such patients, prothrombin time 
should be determined before starting simvastatin and frequently enough 
during early therapy to insure that no significant alteration of prothrombin time 
occurs. Once 2 stable prothrombin time has been documented, prothrombin 
times can be monitored at the intervals usually recommended for patients on 
coumarin anticoagulants. If the dose of simvastatin is changed, the same 
procedure should be repeated. Simvastatin therapy has not been associated 
with bleeding or with changes in prothrombin time in patients not taking 
anticoagulants. 

Other Concomitant Therapy: Although specific interaction studies were not 
performed, in clinical studies, simvastatin was used concomitantly with 
angiotensin-converting-enzyme (ACE) inhibitors, beta blockers, calcium channel 
blockers, diuretics, and nonsteroidal anti-inflammatory drugs (NSAIDs) without 
evidence of clinically significant adverse interactions. The effect of cholestyramine 
on the absorption and kinetics of simvastatin has not been determined. 
Endocrine Function: HMG-CoA reductase inhibitors interfere with 
cholestero! synthesis and as such might theoretically blunt adrenal and/or 
gonadal steroid production. However, clinical studies have shown that 
simvastatin does not reduce basal plasma cortisol concentration or impair 
adrenal reserve and does not reduce basal plasma testosterone concentration 
(see CLINICAL PHARMACOLOGY, Clinical Studies in Prescribing 
Information). Another HMG-CoA reductase inhibitor has been shown to 
reduce the plasma testosterone response to HCG; the effect of simvastatin on 
HCG - stimulated testosterone secretion has not been studied. 

Results of clinical trials with drugs in this class have been inconsistent with 
regard to drug effects on basal and reserve steroid levels. The effects of HMG- 
CoA reductase inhibitors on male fertility have not been studied in adequate 
numbers of male patients. The effects, if any, on the pituitary-gonadal axis in pre- 
menopausal women are unknown. Patients treated with simvastatin who develop 
Clinical evidence of endocrine dysfunction should be evaluated appropriately 
Caution should also be exercised if an HMG-CoA reductase inhibitor or other 
agent used to lower cholesterol levels is administered to patients who are also 
receiving other drugs (e.g., ketoconazole, spironolactone, cimetidine) that may 
decrease the levels or activity of endogenous steroid hormones 
CNS Toxicity: Optic nerve degeneration was seen in clinically normal dogs 
treated with simvastatin for 14 weeks at 180 mg/kg/day, a dose that 
produced mean plasma drug levels about 44 times higher than the mean 
drug level in humans taking 40 mg/day 

CNS vascular lesions, characterized by perivascular hemorrhage and 
edema, mononuclear cell infiltration of perivascular spaces, perivascular 
fibrin deposits, and necrosis of small vessels, were seen in dogs treated 
with simvastatin at a dose of 360 mg/kg/day, a dose that produced plasma 
drug levels that were about 50 times higher than the mean drug levels in 
humans taking 40 mg/day. Similar CNS vascular lesions have been 
observed with several other drugs of this class. 

A chemically similar drug in this class also produced optic nerve 

degeneration (Wallerian degeneration of retinogeniculate fibers) in clinically 
normal dogs in a dose-dependent fashion starting at 60 mg/kg/day, a dose 
that produced mean plasma drug levels about 30 times higher than the 
mean drug level in humans taking the highest recommended dose (as 
measured by total enzyme inhibitory activity). This same drug also produced 
vestibulocochlear Wallerian-like degeneration and retinal ganglion cell 
chromatolysis in dogs treated for 14 weeks at 180 mg/kg/day, a dose that 
resulted in a mean plasma drug level similar to that seen with the 
60 mg/kg/day dose. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: \ a 72-week 
Carcinogenicity study, mice were administered daily doses of simvastatin of 
25, 100, and 400 mg/kg body weight, which resulted in mean plasma drug 
levels approximately 3, 15, and 33 times higher than the mean human 
plasma drug concentration (as total inhibitory activity) after a 40-mg oral 
dose. Liver carcinomas were significantly increased in high-dose females 
and in mid- anc high-dose males, with a maximum incidence of 90% in 
males. The incidence of adenomas of the liver was significantly increased in 
mid- and high-dose females. Drug treatment also significantly increased the 
incidence of lung adenomas in mid- and high-dose males and females. 
Adenomas of the Harderian gland (a gland of the eye of rodents) were 
significantly higher in high-dose mice than in controls. No evidence of a 
tumorigenic effect was observed at 25 mg/kg/day. Although mice were given 
up to 500 times the human dose (HD) on a mg/kg body weight basis, blood 
levels of HMG-CoA reductase inhibitory activity were only 3 to 33 times 
higher in mice than in humans given 40 mg of ZOCOR. 

In a separate 92-week carcinogenicity study in mice at doses of up to 
25 mg/kg/day, no evidence of a tumorigenic effect was observed. Although 
mice were given up to 31 times the human dose on a mg/kg basis, plasma 
drug levels were only 2 to 4 times higher than in humans given 40 mg 
simvastatin as measured by AUC 

In a 2-year Study in rats, there was a Statistically significant increase in the 
incidence of thyroid follicular adenomas in female rats exposed to 
approximately 45 times higher levels of simvastatin than humans given 40 mg 
simvastatin (as measured by AUC). Preliminary results from a second 2-year 
rat study indicate an increase in the incidence of thyroid and liver tumors in 
male and female rats at doses that produce exposure levels 229 times 
(based on AUC) those achieved in humans at a dosage of 40 mg/day. Liver 
tumors are found in rodents with all the chemically similar drugs of this 
Class. No increased incidence of tumors was observed at doses that 
produce exposure levels 15 times (based on AUC) those seen in man. 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains of Sa/monelia typhimurium with or without rat or 
mouse liver metabolic activation. In addition, no evidence of damage to 
genetic material was noted in an /n vitro alkaline elution assay using rat 


hepatocytes, a V-79 mammalian cell forward mutation study, an in vitro 
chromosome aberration study in CHO cells, or an in vivo chromosomal 
aberration assay in mouse bone marrow 

There was decreased fertility in male rats treated with simvastatin lor 34 weeks 
at 25 mg/kg body weight (15 times the maximum human exposure level, based 
on AUC, in patients receiving 40 mg/day); however, this effect was not observed 
during a subsequent fertility study in which simvastatin was administered at this 
same dose level to male rats for 11 weeks (the entire cycle of spermatogenesis 
including epididymal maturation). No microscopic changes were observed in the 
testes of rats from either study. At 180 mg/kg/day (which produces exposure 
levels 44 times higher than those in humans taking 40 mg/day), seminiferous 
tubule degeneration (necrosis and loss of spermatogenic epithelium) was 
Observed. In dogs, there was drug-related testicular atrophy, decreased 
spermatogenesis, spermatocytic degeneration, and giant cell formation at 
10 mg/kg/day (approximately 7 times the human exposure level, based on AUC, 
at 40 mg/day). The clinical significance of these findings is unclear. 
Pregnancy: Pregnancy Category X See CONTRAINDICATIONS. 

Safety in pregnant women has not been established. Simvastatin was not 
teratogenic in rats at doses of 25 mg/kg/day or in rabbits at doses of up to 
10 mg/kg daily. These doses resulted in 6 times (rat) or 4 times (rabbit) the 
human exposure based on mg/m? surface area. However, in studies with 
another structurally related HMG-CoA reductase inhibitor, skeletal 
malformations were observed in rats and mice. Simvastatin should be 
administered to women of childbearing potential only when such patients are 
highly unlikely to conceive and have been informed of the potential hazards. If 
a woman becomes pregnant while taking simvastatin, it should be 
discontinued and the patient should be advised again as to the potential 
hazards to the fetus 
Nursing Mothers: \\ is not known whether simvastatin is excreted in 
human milk. Because a small amount of another drug in this class is 
excreted in human milk and because of the potential for serious adverse 
reactions in nursing infants, women taking simvastatin should not nurse 
their infants (see CONTRAINDICATIONS). 

Pediatric Use: Salety and effectiveness in children and adolescents have 
not been established. Because children and adolescents are not likely to 
benefit from cholesterol! lowering for at least a decade and because 
experience with this drug is limited (no studies in subjects below the age of 
20 years), treatment of children or adolescents with simvastatin is not 
recommended at this time. 

ADVERSE REACTIONS: In the controlled clinical studies and their open 
extensions (2.423 patients with mean duration of follow-up of approximately 
18 months), 1.4% of patients were discontinued due to adverse experiences 
attributable to ZOCOR™ (Simvastatin). Adverse reactions have usually been 
mild and transient. ZOCOR has been evaluated for serious adverse reactions 
in more than 21,000 patients and is generally weil tolerated. 

Clinical Adverse Experiences: Adverse experiences occurring at an 
incidence of 1% or greater in patients treated with ZOCOR, regardless of 
causality, in controlled clinical studies are shown in the table below 


ZOCOR Placebo Cholestyramine Probucol 
(N=1,583) (N=157)  (N=179) (N=81) 

Body as a Whole 

Abdominal pain 3.2% 3.2% 8.9% 2.5% 

Asthenia 16 25 11 12 
Gastrointestinal 

Constipation 23 13 29.1 12 

Diarrhea 19 25 78 3.7 

Dyspepsia 11 45 af 

Flatulence 19 13 145 6.2 

Nausea 13 19 10.1 25 
Nervous System/Psychiatric 

Headache 35 5.1 45 37 
Respiratory 

Upper respiratory infection 2.1 19 34 62 


The following effects have been reported with drugs in this class 

Skeletal: Myopathy, rhabdomyolysis, arthralgias. 

Neurological: Dysfunction of certain cranial nerves (including alteration 
of taste, impairment of extraocular movement, facial paresis). tremor, 
vertigo, memory loss, paresthesia, peripheral neuropathy, peripheral nerve 
palsy, anxiety, insomnia, depression. 

Hypersensitivity Reactions: An apparent hypersensitivity syndrome has 
been reported rarely which has included one or more of the following features 
anaphylaxis, angioedema, lupus erythematous-like syndrome, polymyalgia 
rheumatica, vasculitis, purpura, thrombocytopenia, leukopenia, hemolytic 
anemia, positive ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, 
photosensitivity, fever, chills, flushing, malaise, dyspnea, toxic epidermal 
necrolysis, erythema multiforme, including Stevens-Johnson syndrome 

Gastrointestinal: Pancreatitis; hepatitis, including chronic active hepatitis, 
cholestatic jaundice, fatty change in liver, and, rarely, cirrhosis, fulminant 
hepatic necrosis, and hepatoma; anorexia; vomiting. 

Skin: Alopecia. 

Reproductive: Gynecomastia, loss of libido, erectile dysfunction 

Eye: Progression of cataracts (lens opacities), ophthalmoplegia 

Laboratory Abnormalities: Elevated transaminases, alkaline phosphatase, 
and bilirubin; thyroid function abnormalities 
Laboratory Tests: Marked persistent increases of serum transaminases 
have been noted (see WARNINGS, Liver Dysfunction). About 5% of patients 
had elevations of CPK levels of 3 or more times the normal value on one or 
more occasions. This was attributable to the noncardiac fraction of CPK. 
Muscle pain or dysfunction usually was not reported (see WARNINGS, 
Skeletal Muscle) 

Concomitant Therapy: \n controlled clinical studies in which simvastatin 
was administered concomitantly with cholestyramine, no adverse reactions 
peculiar to this concomitant treatment were observed. The adverse reactions 
that occurred were limited to those reported previously with simvastatin or 
cholestyramine. The combined use of simvastatin with fibrates should 
generally be avoided (see WARNINGS, Skeletal Muscle) 

OVERDOSAGE: Significant lethality was observed in mice after a single 
oral dose of 9 g/m?. No evidence of lethality was observed in rats or dogs 
treated with doses of 30 and 100 g/m?, respectively. No specific diagnostic 
signs were Observed in rodents. At these doses, the only signs seen in dogs 
were emesis and mucoid stools. 

There have been no cases of Clinically significant overdosage with 
ZOCOR in humans. Until further experience is 


obtained, no specific treatment of overdosage 
with ZOCOR can be recommended a MERCK 


For more detailed information, consult your Merck Representative or 
see Prescribing Information. MERCK & CO., Inc., West Point, PA 19486. 
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Clinical, Angiographic and Anatomic Findings in 
Acute Severe Ischemic Mitral Regurgitation 


Samin K. Sharma, MD, Jonathan Seckler, MD, Douglas H. Israel, MD, 
Susan Borrico, BS, and John A. Ambrose, MD 


Severe mitral regurgitation (MR) due to coronary 
artery disease unfavorably alters prognosis for 
medical therapy and is also associated with in- 
creased surgical mortality. In this report, the clini- 
cal, angiographic and pathoanatomic findings in 
50 consecutive patients with severe ischemic MR 
were characterized. Forty-two patients (84%) ei- 
ther presented with acute myocardial infarction or 
a well-documented prior infarction. Eleven pa- 
tients (22%) were in cardiogenic shock at the time 
of catheterization. Forty patients (80%) had 
>70% stenosis of the right and left circumflex cor- 
onary arteries with or without left anterior de- 
scending coronary artery stenosis. Segmental 
asynergy of the left ventricular wall was present 
in 48 patients (96%) and involved the inferior wall 
in 43 (86%). Mean ejection fraction for the group 
was 51 + 7%. A total of 15 patients had direct in- 
spection of the mitral valve apparatus at surgery 
or autopsy. Posteromedial papillary muscle in- 
volvement was found in 14 patients, fibrosis or ne- 
crosis in 10 and rupture in 4, with anterolateral 
papillary muscle rupture in 1 patient. Thus, acute 
severe ischemic MR is usually associated with sig- 
nificant narrowing of both right and left circum- 
flex coronary arteries, and posteromedial papil- 
lary muscle involvement. 

(Am J Cardiol 1992;70:277-280) 
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coronary artery disease is associated with signifi- 

cant morbidity and mortality.!~> Its development 
is often related to papillary muscle involvement, or left 
ventricular dilatation and asynergy leading to mitral an- 
nular dilatation or misalignment of the subvalvular ap- 
paratus. Papillary muscle rupture occurs infrequently 
(1-5%), often presenting between 3 and 5 days after 
myocardial infarction, especially involving the inferior 
wall.6 Ischemic papillary muscle dysfunction occurs 
more frequently than papillary muscle rupture, and 
leads to MR of varying severity.’* The posteromedial 
papillary muscle has been observed to be more suscepti- 
ble to ischemic damage than the anterolateral papillary 
muscle. A proposed explanation for this is the tenuous 
single endarterial blood supply of the posteromedial 
papillary muscle from the dominant coronary artery (ei- 
ther right coronary or left circumflex), whereas the an- 
terolateral papillary muscle enjoys a dual blood supply 
from both the left anterior descending and circumflex 
arteries.? Although these data have been obtained pri- 
marily on the basis of necropsy studies, there are few 
studies that establish the clinical and pathoanatomic 
correlations between coronary anatomy and ischemic 
MR in the living patient. 


S ignificant mitral regurgitation (MR) resulting from 


METHODS 

Inclusion criteria: All patients referred for cardiac 
catheterization at Mount Sinai Hospital from January 
1983 to March 1989 were screened for the presence of 
acute or subacute severe (3 or 4+) MR on left ventric- 
ulography and coronary artery disease (>70% diameter 
stenosis in 1 or more coronary arteries), with or without 
a history of myocardial infarction. A diagnosis of papil- 
lary muscle involvement was based on echocardiograph- 
ic, surgical or pathologic observation, showing 1 or more 
of the following findings: papillary muscle necrosis, fi- 
brosis, rupture, a flail leaflet, or a normal-appearing 
valve apparatus with an underlying myocardial scar. A 
presumptive diagnosis of ischemic MR was established 
if any of 3 criteria were fulfilled: (1) new-onset pulmo- 
nary congestion with a new mitral murmur after an 
acute ischemic event, (2) angiographic evidence of se- 
vere MR in the presence of significant coronary steno- 
sis, and (3) all other causes of MR excluded. 

Exclusion criteria: Patients with nonischemic MR 
(mitral valve prolapse, rheumatic heart disease, endo- 
carditis or hypertrophic cardiomyopathy), significant 
aortic valve disease, prior coronary artery or mitral sur- 
gery, or severe and diffuse left ventricular dysfunction 
(ejection fraction <35%) were excluded. 
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TABLE I Clinical and Electrocardiographic Features in Severe, 
Acute, Ischemic Mitral Regurgitation 


No. of Pts. 


Characteristics (n = 50) 


Age (67 + 8 years) 

Women 

Acute myocardial infarction 
Q-wave 
Non-Q-wave 
Inferior* 
With previous infarction 
Post-infarct angina 
Pulmonary congestion 
Congestion and angina 

No acute myocardial infarction 
History of previous infarct 
Previous inferior infarct 
Unstable angina 15 (55%) 
Pulmonary congestion 12 (45%) 


*Denotes inferior infarct with or without posterior or lateral involvement. 


group: Owing to the retrospective na- 
ture of the study, and the fact that patients were prese- 
lected for known severe ischemic MR, some comparison 
with non-preselected patients seemed appropriate. Be- 
cause of the presumed association between inferior wall 
ischemia/infarction and papillary muscle involvement, 
100 consecutive patients with inferior myocardial in- 
farction during the same time period were studied to 
estimate the frequency of severe ischemic MR. 

Data analysis — clinical data: Clinical parameters 
included age, gender, history of myocardial infarction, 
presence of Q waves, duration of angina, presence of 
unstable angina, pulmonary congestion, intravenous ino- 
tropic medications or intraaortic balloon pump support, 
and the presence of a precordial murmur. 

Angiographic data: Patients with severe acute isch- 
emic MR were evaluated for the extent, severity and 
location of coronary artery stenosis, and the presence of 
collaterals on a scale of 1 to 3.!° The left ventriculogram 
was analyzed for global ejection fraction (normal 
>67%, mild decrease 50 to 66%, moderate decrease 35 
to 49%), segmental wall motion (normal, mild, moder- 
ate or severe hypokinesia, akinesia and dyskinesia), and 
the grade of MR on a scale of 1 to 4 as described else- 
where.!! Only patients with definite grades 3 or 4+ MR 
were included. 

Hemodynamic parameters included mean right atri- 
al pressure, pulmonary artery pressure (systolic, diastol- 
ic, mean), mean pulmonary arterial wedge and v-wave 
pressures, thermodilution cardiac output, and left ven- 
tricular end-diastolic pressure. 

Echocardiographic data: An echocardiogram was 
obtained on all patients and analyzed for the severity of 
MR, presence of ruptured chordae or papillary muscle, 
papillary muscle fibrosis, left atrial size, and global and 
segmental left ventricular function. 

Statistical analysis: All continuous variables are ex- 
pressed as mean + standard deviation. The incidence of 
single and multivessel coronary artery disease in the 
study and comparison groups was compared by chi- 


27 (54%) 
23 (46%) 
16 (70%) 
7 (30%) 
16 (70%) 
8 (35%) 
4 (17%) 
2 (9%) 
17 (74%) 
27 (54%) 
19 (70%) 
14 (52%) 









TABLE Il Coronary Arteriographic Findings in Severe, Acute, 
Ischemic Mitral Regurgitation 


No. of Pts. 
(n = 50) 






Angiographic Characteristics 

















Coronary stenosis > 70% 





Right coronary 7 (14%) 
LC 1 (2%) 
LAD 0 
Right and LC 10 (20%) 
Right and LAD 2 (4%) 
Right, LC and LAD 30 (60%) 
Ejection fraction (mean) 51+7% 
> 66% 1 (2%) 
50-66% 30 (60%) 
30-49% 19 (38%) 
Inferior wall asynergy 43 (86%) 


LAD = left anterior descending; LC = left circumflex. 


square testing, and a p value <0.05 was considered sta- 
tistically significant. 


RESULTS 

Clinical and electrocardiographic data (Table 1): 
The study group consisted of 50 patients (mean age of 
67 + 8 years); 27 (54%) were women. Twenty-three 
(46%) presented with acute myocardial infarction; of 
these 16 (70%) were Q-wave and 7 (30%) were non-Q- 
wave infarctions. The myocardial infarction was local- 
ized to the inferior wall with or without posterior and 
lateral wall involvement in 16 (70%) patients. Eight of 
these patients (35%) presenting with acute myocardial 
infarction had a history or electrocardiographic evi- 
dence of previous infarction. Four of the 23 patients 
with acute myocardial infarction had postinfarction an- 
gina, 2 had pulmonary congestion and 17 had both. 

Nineteen of the 27 patients without acute myocardi- 
al infarction had a history (>1 month) or electrocardio- 
graphic evidence, or both, of prior infarction (inferior 
wall with or without posterior or lateral involvement, 
14). Eight patients had no evidence of prior myocardial 
infarction. The clinical presentation in the 27 patients 
without acute infarction was unstable angina, with or 
without previous myocardial infarction in 15, and pul- 
monary congestion in 12. 

Of the total group, 11 patients (22%) were hypoten- 
sive (systolic blood pressure <80 mm Hg): 7 were on 
inotropic drugs, and 4 were on inotropic drugs and an 
intraaortic balloon pump. An antecedent history of sta- 
ble angina (mean duration of 4.5 months) was seen in 
31 patients (62%). A precordial murmur of MR was 
noted in 48 patients (96%). 

Echocardiographic data: Echocardiography con- 
firmed the presence of severe MR in all patients. Left 
atrial size was normal in 20 patients, mildly increased 
(4.5 to 5.5 cm) in 18, and moderately or severely in- 
creased (>5.5 cm) in the remaining 12. Left ventricular 
diastolic dimensions were increased in 13 patients 
(26%), and left ventricular systolic diameter was in- 
creased in 12 (24%). An abnormality of the mitral ap- 
paratus was present in 27 patients: posteromedial papil- 
lary muscle rupture (2), fibrosis (19); anterolateral 


278 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 1, 1992 


papillary muscle rupture (1), fibrosis (3) and chordal 
rupture (5). 

Catheterization data — coronary arteriography 
(Table ll): Eight of the 50 patients had 1-vessel coronary 
disease (7 right coronary; 1 left circumflex), 12 had 2- 
vessel disease (10 right coronary and left circumflex; 2 
right coronary and left anterior descending), and 30 had 
disease of all 3 coronary arteries. Right coronary artery 
stenosis was thus present in 49 of 50 patients (98%), 
with left circumflex involvement in 40 (80%). The re- 
maining patient had a nondominant right coronary ar- 
tery. There was no significant difference in the location 
of coronary stenoses (proximal, mid or distal). Grade 2 
or 3 collaterals perfused 31 (63%) of stenosed right cor- 
onary arteries, but only 5 (12%) of diseased left circum- 
flex arteries. 

Left ventriculography (Table Il): The mean global 
ejection fraction for the group was 51 + 7%. Thirty pa- 
tients had a mildly decreased, 19 patients had a moder- 
ately decreased and 1 had a normal ejection fraction. 
Segmental asynergy of the left ventricle was present in 
48 patients (96%), involving the inferior wall in 43 pa- 
tients (86%), with akinesia in 35 (70%). 

Hemodynamic data: Data from right-sided cardiac 
catheterization were available in 43 patients (86%). 
Mean intracardiac pressures were: right atrium 6 + 2 
mm Hg; pulmonary artery systolic 38 + 10 mm Hg; 
pulmonary artery diastolic 16 + 4 mm Hg; pulmonary 
artery mean 24 + 6 mm Hg; pulmonary arterial wedge 
mean 20 + 5 mm Hg, v wave 35 + 11 mm Hg; left 
ventricular end-diastolic pressure 22 + 6 mm Hg; and 
cardiac output 4.2 + 0.6 liters/min. 

in-hospital clinical outcome: Thirty-six of the 50 pa- 
tients (72%) required surgical revascularization. This 
was accompanied by mitral valve surgery in 14 patients: 
repair in 3, replacement in 11. The remaining 14 pa- 
tients were treated medically, 7 of whom had 1-vessel 
disease, of which 6 were well collateralized. 

In-hospital mortality was 14%; in all, 7 patients died 
(2 in the medical group, the other 5 during or after 
surgery). 

Pathoanatomy of the mitral valve: Fifteen patients 
had direct inspection of the mitral valve at surgery or 
autopsy. Posteromedial papillary muscle involvement 
was found in 14 cases, necrosis or fibrosis in 10 and 
rupture in 4. Anterolateral papillary muscle rupture was 
found in 1 case. Chordal rupture was found in 2 pa- 
tients with posteromedial papillary muscle involvement. 
Of the 5 cases of papillary muscle rupture, 1 patient 
had 1-vessel disease and the remaining patients had 
multivessel disease. Collaterals were present in 60% of 
patients with papillary muscle rupture. All 10 patients 
with posteromedial papillary muscle necrosis or fibrosis 
had multivessel coronary disease (seven 3- and three 2- 
vessel disease). 

Comparison group (Table Ill): A group of 100 con- 
secutive patients with recent (<2 months) inferior wall 
myocardial infarction who underwent coronary angiog- 
raphy was evaluated for the presence and severity of 
MR and associated coronary anatomy. Mean age for 
the group was 66 + 7 years; 39% were women. In this 





TABLE Ili Angiographic Characteristics of the Comparison 
Group of Patients with Inferior Wall Infarction 


No. of Coronary 
Arteries > 70% Stenosis 


Three 
(n = 46) 


Two 
(n = 23) 


One 
(n = 31) 


Mitral regurgitation 
None (n = 74) 
Mild (n = 13) 
Moderate (n = 6) 
Severe (n = 7) 


group 31 patients had 1-vessel, 23 patients had 2-vessel 
and 46 patients had 3-vessel coronary artery disease. 
The distribution of single versus multivessel disease in 
the comparison group versus the group with ischemic 
MR was statistically significant with a p value <0.05. 
The major difference was the lower incidence of 1-vessel 
disease in the group with ischemic MR (16 vs 31%). In 
the comparison group, MR was absent in 74% of pa- 
tients. Of the remaining 26 patients, 13 had mild (1+), 
6 moderate (2+), and 7 had severe (3 or 4+) MR. Of 
these latter 7 patients with severe MR, 6 patients (86%) 
had multivessel disease (four 3-vessel, 2 right and left 
circumflex artery disease). 


DISCUSSION 

Ischemic MR is a widely recognized complication of 
coronary artery disease, yet few studies have examined 
its angiographic correlates, with most available data be- 
ing derived from autopsy studies. The mechanism of 
ischemic MR may involve papillary muscle ischemia, 
necrosis or fibrosis, rupture, or geometric misalignment 
due to left ventricular dilatation or regional asynergy at 
the site of insertion of the papillary muscle.! 

Pathologic studies have documented a more redun- 
dant blood supply to the anterolateral papillary muscle, 
usually from both the left anterior descending and left 
circumflex arteries.? The blood supply to the posterome- 
dial papillary muscle is more tenuous and variable; al- 
though primarily derived from the dominant coronary 
artery, some blood may also be contributed by the con- 
tralateral coronary artery.’ Based on the data from this 
study, severe stenoses of both the right and left circum- 
flex coronary arteries are usually present in the setting 
of acute severe ischemic MR. Given the findings at sur- 
gery and autopsy, and the high incidence of inferior 
wall asynergy, posteromedial papillary muscle involve- 
ment appears to be the major etiologic factor. 

Our study is consistent with prior studies suggesting 
a high incidence of multivessel disease in acute ischemic 
MR.*5 However, the usual prerequisite of right and left 
circumflex disease with posteromedial papillary muscle 
involvement has not previously been emphasized. Hick- 
ey et al* studied the angiographic anatomy of 381 pa- 
tients with moderate or severe ischemic MR and found 
a 57% incidence of left main or 3-vessel coronary dis- 
ease. Although speculative, this somewhat lower inci- 
dence of multivessel disease in that study could be ex- 
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plained by the inclusion of patients with moderate as 
well as severe ischemic MR. Connolly et al’ also noted a 
higher incidence of more severe and extensive coronary 
involvement in patients with ischemic MR compared 
with patients with coronary disease but no MR. 

Whereas previous studies have appeared to define a 
lower incidence of extensive coronary involvement with 
papillary muscle rupture,° and a lower incidence of pre- 
vious angina or myocardial infarction, 4 of our 5 pa- 
tients with papillary muscle rupture had 2- or 3-vessel 
disease and all had a previous history of angina or myo- 
cardial infarction. In a recent autopsy study of the ana- 
tomic findings in 25 patients dying of myocardial in- 
farction complicated by acute papillary muscle necrosis, 
13 had isolated posteromedial and 4 isolated anterolat- 
eral involvement, and 8 had involvement of both papil- 
lary muscles. !? 

Study limitations: We recognize that the comparison 
group was not directly comparable to our study group 
of patients with severe ischemic MR. This group was 
chosen because of the known association between isch- 
emic MR and inferior myocardial infarction. It served 
to indicate that severe ischemic MR occurs infrequently 
even in patients with inferior infarction and multivessel 
coronary disease. Nevertheless, when severe MR was 
associated with inferior infarction, it was almost always 
in the presence of multivessel disease (6 of 7 patients in 
the comparison group). 


Acknowledgment: We thank Xavier Francis for his 
technical assistance and hard work on this project. 
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Effects of Anger on Left Ventricular Ejection 
Fraction in Coronary Artery Disease 


Gail Ironson, MD, PhD, C. Barr Taylor, MD, Michael Boltwood, PhD, Thomas Bartzokis, MD, 
Charles Dennis, MD, Margaret Chesney, PhD, Susan Spitzer, PhD, and George M. Segall, MD 


This study examined the comparative potency of 
several psychological stressors and exercise in 
eliciting myocardial ischemia as measured by left 
ventricular (LV) ejection fraction (EF) changes us- 
ing radionuclide ventriculography. Twenty-seven 
subjects underwent both exercise (bicycle) and 
psychological stressors (mental arithmetic, recall 
of an incident that elicited anger, giving a short 
speech defending oneself against a charge of 
shoplifting) during which EF, blood pressure, 
heart rate and ST segment were measured. Eigh- 
teen subjects had 1-vessel coronary artery dis- 
ease (CAD), defined by >50% diameter stenosis in 
1 artery as assessed by arteriography. Nine sub- 
jects served as healthy control subjects. Anger re- 
call reduced EF more than exercise and the other 
psychological stressors (overall F [3.51] = 2.87, 
p = .05). Respective changes in EF for the CAD 
patients were —5% during anger recall, +2% dur- 
ing exercise, 0% during mental arithmetic and 0% 
during the speech stressor. More patients with 
CAD had significant reduction in EF (>7%) during 
anger (7 of 18) than during exercise (4 of 18). The 
difference in EF change between patients with 
CAD and healthy control subjects was significant 
for both anger (t25 = 2.23, p = 0.04) and exercise 
(t25 = 2.63, p = 0.01) stressors. In this group of 
patients with CAD, anger appeared to be a partic- 
ularly potent psychological stressor. 

(Am J Cardiol 1992;70:281-285) 


From the Departments of Psychology and Psychiatry, University of 
Miami, Coral Gables, Florida; Department of Psychiatry, Stanford 
University School of Medicine, Stanford, California, Veterans Admin- 
istration Medical Center, Palo Alto, California; and Prevention Sci- 
ences Center, University of California, San Francisco, California. This 
study was supported in part by grant MH 16744-07 from the National 
Institute of Mental Health, Rockville Maryland. Manuscript received 
December 9, 1991; revised manuscript received April 13, 1992, and 
accepted April 19. 

Address for reprints: C. Barr Taylor, MD, Behavioral Medicine 
Program, Psychiatry Department, TD209, Stanford University School 
of Medicine, Stanford, California 94305-5490. 


the effects of mental stress in producing ischemia in 

patients with coronary artery disease (CAD).'? 
Mental arithmetic produces significant myocardial isch- 
emia documented by ambulatory electrocardiographic 
monitoring in some studies,’ as does a 12-minute “stress 
quiz”.* Several studies have used left ventricular (LV) 
ejection fraction (EF) to measure the effects of mental 
and psychological stress.^7 In 1 study using normal 
subjects, psychological stress caused an increase in EF 
comparable to the response seen during exercise.° In pa- 
tients with CAD a speaking task caused EF to decrease, 
on average, >5%. Furthermore, the decrease was com- 
parable to that caused by exercise. Mental stress has 
also been shown to produce coronary artery constriction 
in patients undergoing cardiac catheterization.* 

Anger may have an even greater effect on cardiac 
dysfunction than other psychological stressors. Recent 
studies suggest that self-reported anger and hostility are 
more strongly related to CAD than other aspects of 
type A behavior.?-!! Given the alleged importance of 
anger in cardiovascular disease and the findings that 
psychological stress could produce changes in EF, it 
seemed important to explore the effect of a task specifi- 
cally eliciting anger on LV function. This study exam- 
ines the effect of anger on LV function in patients with 
1-vessel CAD and compares it with other psychological- 
ly stressful tasks and with exercise. 


I: recent years a number of studies have documented 


METHODS 

Two groups of subjects were recruited for testing. 
Patients with CAD who had undergone coronary angi- 
ography at the Palo Alto Veterans Administration Hos- 
pital Cardiology Service for evaluation of angina were 
recruited for the study. Of the 20 patients recruited for 
this study, 19 all had significant 1-vessel disease (de- 
fined as >50% luminal diameter stenosis) and 1 had no 
significant disease. Another subject had to be with- 
drawn because of technical difficulties, bringing the 
sample size in the CAD group to 18. All patients were 
men (mean age of 53 years). Ten men without chest 
pain or history of heart disease were recruited as control 
subjects. All subjects had a symptom-limited exercise 
treadmill test. Nine control subjects had <5% chance of 
CAD based on age, sex and ST-segment response to 
exercise.!2 The tenth subject developed ST-segment de- 
pression during the treadmill test and was excluded 
from the study. 

Subjects were instructed to discontinue taking 6 
blockers 48 hours before testing, calcium antagonists 24 
hours before testing and nitrates on the day of testing. 
They were instructed not to eat 6 hours before testing. 
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On the day of examination, subjects’ red blood cells 
were labeled with 20 to 25 mCi of technetium-99m us- 
ing an in vitro or modified in vitro technique. Subjects 
were placed on a supine bicycle ergometer positioned 
30% above the horizontal for both the psychological 
stress tests and exercise test. Gated equilibrium blood 
pool scintigraphy was performed during the tests using 
a large field-of-view gamma camera with a general all- 
purpose collimator. The camera was positioned in the 
left anterior oblique position to obtain the best separa- 
tion of the right and left ventricles. Images were ac- 
quired for 150 seconds at a framing rate of 16 frames 
per cardiac cycle. 

Symptom-limited exercise using the bicycle ergome- 
ter commenced at a work load of 200 kg-m/min (kpm) 
and increased every 180 seconds by 200 kpm to toler- 
ance. Exercise testing was performed on a separate day 
from the other tests for patients with CAD. 

Subjects were given 3 psychological stress tests in 
random order. Each psychological stress test lasted 6 
minutes and was preceded by a 15-minute rest period. 
All task responses were tape-recorded. 

A mental arithmetic task was included because it is 
widely used in psychological stress testing, and was used 
in the Rozanski et al° study. Subjects were instructed to 
subtract serially 7 from 3,505 for 6 minutes. They were 
tape-recorded and told they would be rated on the basis 
of speed and accuracy. Periodic prompts to increase 
speed were interjected and subjects were corrected if 
they made a mistake. 

A speech task was included as a potent psychological 
stressor capable of eliciting reliable increases in blood 
pressure and heart rate.!? The specific task used was a 
hypothetical situation in which the subject was asked to 
imagine he is in a department store and is approached 
by a security officer who accuses him of stealing the 
belt he is wearing. The subject was given 3 minutes to 
prepare and 3 minutes to give a speech defending him- 
self covering specific points such as how he will be able 
to prove he bought the belt and what should happen to 
the security officer. 

For the anger recall task, subjects were asked to re- 
call an incident during the last 6 months that still made 
them frustrated, angry, irritated or upset. After specify- 
ing an incident, they were asked to describe it, trying to 
recreate the incident as best they could. They were 
asked to include such details as what they said and did, 
how the other person responded, and what they were 
thinking and feeling. 

All 9 control subjects as well as 5 subjects with CAD 
were given a fourth task, listening to soft music, which 
was not stressful. The variability of EF during the task 
was used as an estimate of error (equal to twice the 
standard deviation) which was 7%. 

After each task, subjects rated how anxious and an- 
gry the task made them, using the Spielberger state an- 
ger measure!* and the Spielberger state anxiety mea- 
sure.!5 In addition, subjects were asked to indicate on a 
10 cm graphic rating line how angry they were during 
the anger task compared to the amount of anger they 
felt when the incident they were recalling happened. 


Reliability for each of the tasks was calculated by 
correlating the physiological measure taken during the 
first 3 minutes of the task with the measure taken dur- 
ing the second 3 minutes of the task. Reliabilities for EF 
ranged between 0.93 and 0.96. 

Radionuclide ventriculograms were processed using 
standard commercially available software. For the exer- 
cise test, changes in LVEF were based on measure- 
ments taken immediately before exercise and during 
peak exercise work load. For the psychological stress 
tests, changes were based on measurements taken im- 
mediately before each task and the measurement taken 
during the highest double product of heart rate and sys- 
tolic blood pressure, i.e., during maximal myocardial 
oxygen consumption. 

EF calculations were based on LV counts in the end- 
diastolic and end-systolic frames using manually drawn 
regions of interest. Regions of interest were drawn by 1 
experienced person who was aware of the clinical data. 

LV wall motion was determined from a closed loop 
cinematic display of 1 composite cardiac cycle. Baseline 
and stress images for each task were displayed side by 
side and interpreted independently by 3 experienced ob- 
servers who were unaware of the clinical data. Images 
were filtered and displayed on both a monochrome and 
color monitor using the color scale preferred by the ob- 
server. Wall motion was graded on a 5-point scale as 
follows: 4 = hyperkinetic, 3 = normal, 2 = mildly hy- 
perkinetic, 1 = moderately or severely hypokinetic, 0 = 
akinetic, —1 = dyskinetic. Wall motion was graded in 3 
regions: lateral, inferoapical and septal. Scores for each 
region were averaged. Differences between baseline and 
stressor >0.6 were considered indicative of wall motion 
abnormality. 

For each dependent variable of interest a 1-way re- 
peated-measures analysis of variance including only pa- 
tients with CAD was performed on reactivity scores 
(defined as the task value minus the immediate pre-task 
baseline value) across tasks. The task value used in cal- 
culating the change score was the value of the depen- 
dent variable during maximal myocardial oxygen con- 
sumption (maximal heart rate times systolic blood pres- 
sure product) for each psychological task. Also, for each 
task, an independent ¢ test was performed comparing 
reactivity (delta) scores for the CAD versus control sub- 
jects.!6 


RESULTS 

Baseline values. Baseline values between CAD and 
control patients are listed in Table I. Patients with CAD 
had lower resting heart rates (not significantly differ- 
ent), higher resting systolic and diastolic blood pressures 
(not significantly different), and significantly lower rest- 
ing EFs (t25 = 2.56; p = 0.02) than control patients. 

Ejection fraction: The tasks produced significantly 
different changes for patients with CAD (F[3,51] = 
2.87, p = 0.045) (Table I and Figure 1). More specifi- 
cally, EF was significantly reduced during anger (—5%) 
compared with exercise (+2%) (Fisher Protected Least 
Significant Difference [PLSD] = 4.9, p = 0.05). Fur- 
ther comparisons within patients with CAD revealed 
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TABLE I Ejection Fraction Changes and Cardiovascular Reactivity in Healthy Control 
Subjects and Patients with Coronary Artery Disease During Psychological Stress and Bicycle 
Exercise Testing 


*p <0.05; tp <0.01. 
Numbers in parentheses are SDs. 


ANOVA 


E.tAn* 


E.tAr*S.* 


An = anger recall task; ANOVA = analysis of variance; Ar = arithmetic task; CAD = patients with coronary artery disease; 
Con. = control subjects; DBP = diastolic blood pressure; EF = ejection fraction; Ex = exercise task; HR = heart rate; NS = 
not significant; SBP = systolic blood pressure; Sp = speech task. 


significant differences between the 3 psychological tasks 
(F[2,34] = 4.31, p = 0.02), with anger recall being as- 
sociated with a greater decrease in EF than arithmetic 
or speech (Fisher PLSD = 3.8, p = 0.05). Both anger 
recall and exercise tasks showed significant differences 
between CAD versus control subjects. The anger task 
produced a greater decrease in EF in patients with 
CAD than in control subjects (t25 = 2.23, p = 0.035). 


Anger 


Speech Arithmetic Exercise 


FIGURE 1. Change in ejection fraction (with standard devi- 
ation) from baseline for the anger, speech and arithmetic 
tasks and the bicycle exercise test for patients with coronary 
artery disease (CAD) and control subjects. 








As would be expected, the EF change during exercise 
was significantly less in patients with CAD than in 
healthy control subjects (t25 = 2.63, p = 0.01). 

Seven of the CAD patients had a decline of 27% in 
EF during anger recall compared with 4 during exer- 
cise, 1 during math recall and 1 during speech (Table 
II). There was no significant difference in the propor- 
tion of patients whose EF decreased during the anger 
task compared with that during exercise. However, sig- 
nificantly more patients had a decrease in EF during 
the anger task than did those during arithmetic or 
speech tasks (chi-square = 4.5, p = 0.05). One control 
subject had a decrease in EF 27% during the arithme- 
tic and speech tasks. Significantly more CAD patients 
exhibited a reduction in EF 27% during the anger task 
than did control subjects (chi-square = 4.86, p = 0.05). 

Wall motion abnormalities: No control subject had a 
decrease in wall motion score during any psychological- 
ly stressful task. One had a decrease during exercise. 


TABLE II Number of Patients and Control Subjects with 
Reductions in Ejection Fraction of > 7% 


Arithmetic Speech Anger Exercise 


Patients with Coronary Artery Disease 


>—-7% l 1 f, 4 
<-7% 17 17 11 14 
0 0 


Control Subjects 


>—7% 1 l 
<-7% 8 8 9 9 
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Changes in wall motion scores were much more fre- 
quent among patients with CAD. Eight of 18 patients 
had a decrease in segmental wall motion score during at 
least 1 of the 3 psychological stress tests (3 during 
math; 4 during speech; 4 during anger) whereas exer- 
cise caused a decrease in only 3. 

There was a significant correlation between the pres- 
ence of wall motion abnormality during anger recall 
and a large negative EF change (r = —0.54, p = <0.01 
whole sample, r = —0.53, p = <0.05 CAD patients 
alone). All 4 of the patients exhibiting wall motion ab- 
normality during anger recall had an ejection fraction 
decrease of 27% during anger recall. For exercise, the 
correlation was r = —0.38, p = <0.05, with 1 of 4 ex- 
hibiting wall motion abnormality also having an EF de- 
crease of 27%. 

Systolic blood pressure: Among patients with CAD, 
a significantly greater increase in systolic blood pressure 
was seen during exercise compared with all 3 psycholog- 
ical stressors (F[3,45] = 4.32, p = 0.01); post-hoc Fish- 
er PLSD = 14.5, p=0.05). The changes in systolic 
blood pressure among CAD patients were about 20 mm 
Hg for the psychological tasks and 40 mm Hg for exer- 
cise (Table I). Tests between CAD and control patients 
were significant only for exercise (t24 = 2.30, p = 0.03) 
with healthy control subjects able to mount a signifi- 
cantly greater increase in systolic blood pressure than 
patients with CAD. 

Diastolic blood pressure: All tasks were equivalent 
in terms of causing changes in diastolic blood pressure 
in patients with CAD (l-way analysis of variance be- 
tween tasks within CAD patients was not significant). 
All 3 psychological tasks in both CAD and control pa- 
tients caused an increase in diastolic blood pressure. Ex- 
ercise showed a difference in change between patients 
and control subjects (t24 = 2.73, p = 0.01). During exer- 
cise, diastolic blood pressure decreased slightly in con- 
trol subjects, whereas diastolic blood pressure increased 
in patients with CAD. 

Heart rate: All tasks caused a significant increase in 
heart rate, averaging 10 beats/min (Table I). Exercise 
caused a significantly greater increase in heart rate 
compared with all of the psychological tasks in patients 
with CAD (F[3,48] = 72.2, p = 0.0001; Fisher PLSD 
= 6.84, p <0.05). Patients with CAD did not increase 
heart rate as much as control subjects during math, 
speech and exercise tasks. Respective tests for these 
comparisons were: t24 = —3.18, p <0.01; t24 = —1.95, 
p = 0.06; t25 = 3.01, p <0.01. 

Electrocardiogram: Eight patients had ST-segment 
depression during the bicycle exercise stress test. Four 
of these patients also had chest pain. One patient had 
chest pain without ST-segment depression during exer- 
cise. No patients with CAD had chest pain or ST-seg- 
ment depression during any of the psychological stress 
tests. 

Validity check: The baseline period and 3 tasks dif- 
fered significantly in the amount of anger they elicited 
(F[3,69] = 21.10, p = 0.0001). Mean Spielberger anger 
scores were significantly greatest for the anger recall 
task (mean = 19.8, SD = 7.3) compared with the 
speech task (mean = 15.4, SD = 6.5; Fisher PLSD = 


2.73), or the arithmetic task (mean = 11.2, SD = 2.4; 
Fisher PLSD = 2.73) or baseline (mean = 10, SD = 0). 
Although the anger task was clearly eliciting the most 
anger, the speech task was also eliciting some anger, 
significantly more than baseline (Fisher PLSD = 2.73). 

All tasks elicited a significant amount of anxiety 
(anger recall: mean = 46.4, SD = 16.6; speech: mean = 
42.8, SD = 13.7; arithmetic: mean = 41.0, SD = 11.8) 
compared with baseline period (1-way analysis of vari- 
ance F[3,66] = 10.32, p = 0.0001; Fisher PLSD vs 
baseline = 5.55; baseline mean = 31.6, SD = 10.1). 

There was wide variability in answer to the question 
of how much anger the patients felt during the anger 
recall task compared with the anger they felt during the 
actual incident. Mean ratings (on a scale of 100) of 43.6 
with a standard deviation of 33.4 suggest that most felt 
the anger recall task produced one-third to one-half as 
much anger as the real incident. Interestingly, the CAD 
patients were significantly higher (mean = 55.2) on re- 
living the anger compared with healthy control subjects 
(mean = 22.5) (t24 = 2.13, p <0.05). 

Correlation of anger and anxiety with physiologic 
changes: The anger scores were moderately but not sig- 
nificantly correlated with EF changes (r = —.23 for the 
entire sample, r = —.21 for the CAD patients alone) as 
were the anxiety scores with EF changes (r = —0.23 for 
the entire sample, r= —0.15 for the CAD patients 
alone). There was a much stronger relation between the 
anger scores and systolic blood pressure change (r = 
0.59 for the entire sample, p <0.01; r = 0.60, p <0.01 
for CAD patients), but there was also a strong and sig- 
nificant correlation between the anxiety scores and sys- 
tolic blood pressure change (r = 0.53 for the entire sam- 
ple, p <0.01; r=0.56, p <0.05 for CAD patients). 
There was also a moderate relation between the anger 
scores and diastolic blood pressure change in the CAD 
patients (r = 0.25, p = not significant) and no relation 
for anxiety within the CAD group (r = 0.13, p = not 
significant). 


DISCUSSION 

Our results suggest that anger significantly reduces 
EF in patients with l-vessel CAD, and may be a more 
potent psychological stressor than mental arithmetic 
and speech stress, previously used in such experiments. 
In terms of clinically significant change in EF, more 
CAD patients showed a major reduction in EF (2>—7%) 
during anger (7 of 18) than even during exercise (4 of 
18). Our findings are particularly important because 
they are consistent with an emerging literature suggest- 
ing that hostility is a risk factor for CAD. 

Although anger produced a greater reduction in EF 
than exercise, no patients complained of chest pain dur- 
ing this task (compared with 5 of 18 patients during 
exercise) and none exhibited ST-segment depression 
during anger (compared with 8 of 18 during exercise). 
What explains the apparent discrepancy between the re- 
ductions in EF observed during anger and the absence 
of chest pain and ST-segment depression? The effects 
of anger on EF observed in this study may not represent 
the same pathophysiologic mechanisms that occur dur- 
ing exercise when cardiac supply is unable to meet de- 
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mand. However, EF may be a more sensitive measure 
of myocardial ischemia than ST-segment changes.'” It 
is conceivable that the decrease in EF observed with 
anger would eventually lead to ST-segment changes if 
the stimulus had been prolonged or more intense. Our 
subjects reported that the intensity of the anger experi- 
enced in the laboratory was only 30 to 40% that of the 
actual event. 

In other studies, exercise had a greater effect on re- 
ducing EF than did psychological stressors.° In our pop- 
ulation of relatively well patients with CAD, most of the 
subjects had an increase in EF during exercise and some 
had a large increase so that the mean increase was posi- 
tive (Figure 1). 

A comparison of our results to that of Rozanski et 
al> lends further support to anger induction as a potent 
stressor. Overall, they found that 36% (14 of 39) of 
CAD patients had EF decreases of 25% during psycho- 
logical stress. In comparison, during anger recall in our 
less impaired patients we found that 39% (7 of 18) had 
EF changes of 27% (using a cutoff of 5%, the number 
would have been 44% [8 of 18]). Only 1 of 18 of our 
patients had a reduction of =7%, with a psychological 
stressor similar to those used by Rozanski et al. How- 
ever, 28% (5 of 18) of patients had an EF decrease of 
>5% during the speech task, which was the cutoff Ro- 
zanski et al used.° Therefore, the results of the 2 studies 
taken together suggest that psychological stressors can 
have a major impact on EF. 

The similar size of the correlations for the within- 
task analysis (of anger and EF change versus anxiety 
and EF change) raises the possibility that the critical 
stimulus for physiologic change may not be anger alone 
but may be anxiety or a general physiologic arousal. 
This should be explored as a possibility in future re- 
search. In contrast, the between-task analysis, in which 
the task (anger recall) eliciting the greater amount of 
anger (mean change = 9.8 for anger recall and 5.4 for 
speech) also elicited the larger EF changes (whereas the 
anxiety elicited by the 2 tasks was roughly equivalent 
[mean change = 14.8 for anger recall and 11.2 for anxi- 
ety]) is more consistent with the hypothesis that anger 
was the critical stimulus. 

What are some of the mechanisms that might ex- 
plain the potency of anger induction? There is some evi- 
dence that anger produces different cardiovascular,'® 
autonomic nervous system!? and neuroendocrine ef- 
fects? than other emotions such as sadness, fear and 
happiness. Also psychological stressors may produce rel- 
atively different increases in norepinephrine and epi- 
nephrine compared with exercise.”! Possibilities for ad- 
verse effects of catecholamines on myocardial isch- 
emia22 include increased flow demands, decreased flow 
delivery (coronary vasospasm is 1 possibility) and po- 
tentiated platelet aggregation.” These factors may be 
especially important when diseased/stenosed arteries 
are present.®:24.25 

Conclusions: Anger can now be added to other psy- 
chological stressors that have been shown to affect EF. 
Future studies need to be undertaken to examine the 
effect of anger on the coronary vascular tone and, in 
general, to explore possible mechanisms for the ob- 


served changes. Ambulatory and naturalistic studies 
may offer an opportunity to examine the relationship of 
more intensive and prolonged stressors to changes in 
electrocardiographic and other cardiovascular parame- 
ters. 
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Effects of 8:00 A.M. and 2:00 P.M. Doses of 
lsosorbide-5-Mononitrate During Twice-Daily 
Therapy in Stable Angina Pectoris 


Udho Thadani, MBBS, and Neville Bittar, MD 


“Trough” plasma concentrations of isosorbide-5- 


mononitrate (IS-5-MN), an active metabolite of 
isosorbide dinitrate, of <95 ng/ml are considered 
necessary to prevent development of tolerance to 
isosorbide dinitrate and IS-5-MN. In a double- 
blind, crossover, placebo-controlled study, the ef- 
fects of IS-5-MN during twice daily eccentric ther- 
apy were evaluated in 18 patients with reproduc- 
ible exercise-induced angina who were nitrate 
responders. In a random order, patients received 
either placebo or 1S-5-MN (20 mg) at 8 A.M. and 2 
P.M. for 1 week each. Average trough plasma IS- 
5-MN concentrations before the 8 A.M. and 2 P.M. 
doses were 67 and 226 ng/ml, respectively, and 
increased to 382 and 488 ng/ml 2 hours after the 
8 A.M. and 2 P.M. doses, respectively. Despite a 
more than threefold higher trough plasma IS-5- 
MN concentration before the 2 P.M. dose than be- 
fore the 8 A.M. dose, the increase in exercise dura- 
tion 2 hours after the doses was similar (1.21 min- 
utes [21%] after 8 A.M. dose, and 1.08 minutes 
[19%] after 2 P.M. dose). These increases in exer- 
cise duration after IS-5-MN were significantly (p 
<0.01) greater than those observed after placebo 
(0.17 minutes [3%] after 8 A.M. dose, and —0.05 
minute [—0.5%] after 2 P.M. dose). Reduction in 
standing systolic blood pressure at 2 hours after 
the doses was also nearly identical after the 8 A.M. 
and 2 P.M. doses of IS-5-MN (21 [15%] and 19 
[14%] mm Hg, respectively). Eleven patients had 
headaches during IS-5-MN therapy and 2 during 
placebo therapy (p <0.05). Thus, the circulatory 
and antianginal effects of IS-5-MN during chronic, 
eccentric, twice-daily therapy are not dependent 
on a given level of trough plasma IS-5-MN concen- 
tration, but are due to a rapid and substantial in- 
crease in plasma concentration after each dose. 
(Am J Cardiol 1992;70:286-292) 
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with nitrates remains a major therapeutic di- 

lemma!-!°; dosing regimens providing long ni- 
trate-free intervals!'!-!’ to a certain extent minimize the 
development of tolerance.'*-*° Nitroglycerin is actively 
metabolized and very unstable, and it is often difficult 
to accurately measure plasma nitroglycerin concentra- 
tion.?!?? Oral isosorbide dinitrate (ISDN) is poorly 
bioavailable, and it is difficult to correlate therapeutic 
effects with plasma concentrations of ISDN or its active 
metabolites.2-2> Isosorbide-5-mononitrate (IS-5-MN), 
an active metabolite of ISDN and responsible for the 
prolonged duration of action of ISDN, is an ideal ni- 
trate compound to study the relation between tolerance 
and plasma concentrations, because it is almost 100% 
bioavailable after oral administration*®’ and has no ac- 
tive metabolites.7>-2” A minimum plasma concentration 
of 100 ng/ml is needed for therapeutic efficacy of IS-5- 
MN,” and a trough plasma concentration of approxi- 
mately 95 ng/ml or less is believed to prevent tolerance 
to IS-5-MN and ISDN during long-term therapy.”° 
The present study was designed to evaluate the influ- 
ence of trough plasma IS-5-MN concentration (concen- 
tration at the end of dosing interval) on the subsequent 
response to morning and afternoon doses during 20 mg 
twice-daily eccentric therapy with IS-5-MN. 


D evelopment of tolerance during long-term therapy 


METHODS 

Patients (aged 221 years) with history of stable an- 
gina pectoris for 23 months were enrolled in this dou- 
ble-blind, randomized, crossover study. Patients with 
unstable angina, congestive heart failure, uncontrolled 
hypertension or hypotension (systolic blood pressure 
<100 mm Hg), valvular or congenital heart disease, 
documented myocardial infarction or coronary bypass 
surgery within the preceding 3 months and those with 
clinically significant renal or hepatic dysfunction, ane- 
mia (hemoglobin <11 g%), uncontrolled diabetes melli- 
tus, or musculoskeletal, peripheral or vertebrobasilar 
disease were excluded. Patients who had known hyper- 
sensitivity or intolerance to organic nitrates were also 
excluded. Patients who were receiving 6 blockers, calci- 
um antagonists or vasodilators and could not be safely 
withdrawn from these medications were not included in 
the study. No patient was receiving digoxin. Patients 
with history of alcoholism, drug abuse or psychosis and 
those with emotional or intellectual problems were also 
excluded. All patients were in normal sinus rhythm and 
had electrocardiograms with interpretable ST segments. 

During the study, in addition to the study medica- 
tion, only sublingual nitroglycerin was allowed for treat- 
ment of anginal attacks. Sublingual nitroglycerin was 
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not allowed prophylactically. The ingestion of alcoholic 
or caffeine-containing beverages and the use of nicotine 
were prohibited for 12 hours before each exercise toler- 
ance test. 

Study design: After patients gave informed consent, 
all cardiovascular medications and vasodilators were 
discontinued for 25 half-lives. Patients then reported to 
the laboratory in the morning, and after a history and 
physical examination, a 12-lead electrocardiogram was 
obtained, and a treadmill exercise test (modified Bruce 
protocol; beginning stage 1.7 miles/hour; 5% incline) 
was performed. Patients stopping exercise due to angina 
of moderate severity with at least an additional 1 mm 
ST-segment horizontal or downsloping depression at 
0.08 second from J point during exercise compared with 
resting values were allowed to continue the study. The 
beginning stage of the multistage exercise test (either 
stage 1⁄2 or 1 of Bruce protocol) was then selected for 
individual patients so that they had angina of moderate 
severity necessitating discontinuation of exercise by 3 to 
6 minutes. Patients meeting these criteria were consid- 
ered eligible for the study. 

The protocol is summarized in Figure 1. After the 
aforementioned initial exercise tests, patients were ad- 
ministered a single blind placebo (1 capsule twice daily 
at 8 a.M. and 2 P.M.). After 6 to 8 days, patients reported 
to the laboratory in the mornings after an overnight fast 
before ingestion of the 8 a.m. dose of placebo, and tread- 
mill exercise testing was repeated. After a cool-down 
period of 1 hour, patients received 0.4 mg of sublingual 
nitroglycerin, and 5 minutes later treadmill exercise 
testing was repeated. Patients with an increase in exer- 


FIGURE 1. Schematic diagram of isosor- 
bide-5-mononitrate (IS-SMN) versus pla- 


VISIT 1 


ETT * 


Plasma Drug 
Level 


cise duration >20% received in a randomized, double- 
blind manner either placebo or IS-5-MN (20 mg) twice 
daily at 8 aM. and 2 pM. for 1 week. At the end of 1 
week, patients reported to the laboratory in the morning 
after an overnight fast before ingestion of the morning 
dose of the double-blind medication, and treadmill exer- 
cise tests were repeated before and 2 hours after inges- 
tion of the 8 A.M. dose. Patients then ate a light meal, 
and an exercise test was repeated 4 hours later; this cor- 
responded to exercise testing 6 hours after the 8 A.M. 
dose. Patients then received the 2 P.M. dose, and exercise 
testing was repeated 2 hours later. The treatment se- 
quence was then crossed over for a further week in a 
double-blind manner, and exercise tests were repeated 
at the end of 1 week before and 2 hours after the 8 A.M. 
and 2 P.M. doses. 

Venous blood samples for blood count and electro- 
lytes were obtained at visits 1, 3 and 4 before the first 
exercise test. Furthermore, 10 ml of blood was obtained 
before each exercise test at visits 3 and 4 for measure- 
ment of plasma IS-5-MN concentration. Patients kept a 
diary and recorded any adverse events or episodes of 
resting angina. 

Laboratory measurements: The usual precautions 
for similar antianginal trials were taken. Records of 12- 
lead electrocardiograms and cuff blood pressure at rest, 
during and 10 minutes after exercise were obtained, and 
average heart rate and ST-segment depression were de- 
termined. All exercise tests were symptom-limited, and 
the end point during exercise was invariably angina of 
moderate severity or, in its absence, severe fatigue or 
dyspnea. 


Study Design 


Prospective, Two Center, Double-Blind, 


Randomized, Crossover Study 


PLACEBO PLACEBO 


PLACEBO 


* = Pretreatment, Eligibility List 
** = Placebo Baseline and NTG Response (> 20%) 


= Tests Prior to and 2 Hours after 8 AM and 2 PM 


Doses after 1 Week of Therapy. 
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TABLE I Individual and Mean Plasma Concentrations (ng/ml) 
During Twice-Daily Therapy at 8 a.m. and 2 p.m. with 20 mg of 
lsosorbide-5-Mononitrate 


8 A.M. Dose 2 P.M. Dose 


2 Hours 
After 


2 Hours 


After Before 


Mean 
Maximum 
Minimum 


Blood samples for plasma IS-5-MN concentrations 
were collected in heparinized tubes and centrifuged im- 
mediately, and plasma was stored at —20°C until anal- 
ysis. Plasma concentration of IS-5-MN was measured 
by gas-liquid chromatography using an electron capture 
detection method. With this method, recovery of IS-5- 
MN from 1 ml of plasma is 80 to 85%, with a lower 
limit of detection of 10 ng/ml and a coefficient of varia- 


tion of 7%. 


2h POST 6h POST 
8 AM DOSE 


IS—5-—MN PLASMA CONCENTRATION (ng/ml) 











Placebo and IS-5-MWN capsules were identical in ap- 
pearance and supplied in blister packages. Compliance 
was checked at each visit by capsule count. 

Statistical analysis: A model appropriate for a 
crossover study, including sequence, patient and treat- 
ment effects, was used. Due to the relatively short half- 
life of IS-5-MN, it was presumed that the residual drug 
effects were absent from the model. 

Data were analyzed by 2-tailed, 2-way analysis of 
variance, and the significance of results was determined 
by Duncan’s range test when appropriate. Changes in 
walking time and ST-segment depression were also ana- 
lyzed by a nonparametric method using Wilcoxon’s 
signed rank test. 


RESULTS 

In all, 24 patients received single-blind placebo, and 
19 of these had an increase in total exercise duration 
220% after sublingual nitroglycerin and received the 
double-blind medication. One patient did not complete 
the study owing to severe headaches and did not per- 
form any exercise test during the double-blind therapy. 
Thus, 18 patients were included in the efficacy analysis 
and 19 in the analysis of safety. 

There were 13 men and 5 women (17 white and 1 
black, average age 62 years [range 48 to 78], average 
weight 77.6 kg). The average duration of history of an- 
gina was 6.3 years (range 1 to 19). Sixteen patients had 
previously received antianginal therapy that was discon- 
tinued without any problems. Eight patients had history 
of myocardial infarction ranging from 1.4 to 19 years 
before initiation of the study, and 4 had previous bypass 
surgery. Three patients had associated hypertension 
that was adequately controlled with diuretics. 

Compliance with study medication: Study medica- 
tion compliance was 295% in all patients, as estimated 
by study medication count. 


FIGURE 2. Isosorbide-5-mononitrate (IS- 
5-MN) plasma concentrations (mean + 
SEM) after 1 week of twice-daily therapy 
with 20 mg dose at 8 a.m. and 2 P.M.. Val- 
ues before 8 a.m. represent values 18 
hours after 2 p.m. dose the previous day. 
Trough plasma concentrations were al- 
most 4 times greater before 2 p.m. dose 
than before 8 a.m. dose. 


2h POST 
2 PM. DOSE: 
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TABLE II Effects of IS-5-MN and Placebo During Twice-Daily Therapy at 8 a.m. and 2 p.m. on Exercise Time, ST-Segment Depression 
During Peak Exercise, and Heart Rate and Blood Pressure at Rest and During Peak Exercise 


8 A.M. Dose 


2 Hours After 


PL 


Rest 
Systolic BP (mm Hg) 
Heart rate (beats/min) 
Exercise 
Exercise time (min) 
ST | (mm) 
Systolic BP (mm Hg) 
Heart rate (beats/min) 
Double product (mm Hg/ 
min x 10-2) 


*p <0.01; tp <0.05 compared with placebo. 


140 + 5* 
72 £3 


133 +6 
fo 32 


BISS 
13 E2 


1.8+0.2 
170 + 7t 
122 +4 
209 + 12t 


1.6 + 0.2 
162 +5 
124 +4 
201 + 10 


16+ 0.2 
158+ 5 
122+4 
193 +9 


119 + 6* 
76+2 


2 P.M. Dose 


Before 2 Hours After 


IS-5-MN IS-5-MN PL IS-5-MN 


128+5 
76+2 


121 + 5t 
83 + 3* 


128+ 5 
79+2 


128+ 4 
13:3 


5.95 + 0.46 5.63 + 0.53 6.12 +0.47 6.84 + 0.51* 584+0.45 6.05 +0.44 5.90+0.43 6.71 + 0.45* 
1.8 + 0.2 
167 + 8 
130 +.3* 
219. + 12T 


1.9 + 0.3 
1595 

133 £4 
21210 


L.7 20.2 
161 +6 
127 +14 
205+9 


1.9+0.2 
165 +6 
130 + 4 
215 + 12 


18+ 0.2 
163 + 6 
126 + 4 
207 + 11 


Values are mean + SEM. Before 8 a.m. dose represents values 18 hours after 2 P.m. dose received on previous day. Before 2 p.m. dose represents values 6 hours after 8 a.m. dose. 
BP = blood pressure; IS-5-MN = isosorbide-5-mononitrate; PL = placebo; ST | = ST-segment depression. 


Plasma isosorbide-5-mononitrate concentrations: 
Individual plasma IS-5-MWN concentrations before and 
2 hours after the 8 a.M. and 2 P.M. doses are listed in 
Table I. The average plasma IS-5-MN concentration 
before the 8 A.M. dose was 67 ng/ml and increased to 
382 ng/ml 2 hours after the dose. Before the 2 P.M. dose 
(6 hours after 8 a.M. dose), the average concentration 
was 226 ng/ml and increased to 488 ng/ml 2 hours af- 
ter the 2 P.M. dose (Figure 2). | 

Time to termination of exercise: Data for total exer- 
cise duration immediately before and 2 hours after the 8 


FIGURE 3. Change in total exercise dura- 
tion from values before 8 a.m. after 1 week 
of twice-daily placebo or isosorbide-5- 
mononitrate (IS-SMN) (20 mg at 8 a.m. 
and 2 p.m.) therapy. Compared with dou- 
ble-blind placebo values, exercise duration 
increased significantly by similar magni- 
tude 2 hours after 8 a.m. and 2 p.m. doses. 
NS = not significant. 


4 TOTAL EXERCISE DURATION (minutes) 





A.M. and 2 P.M. doses during double-blind therapy with 
placebo and IS-5-MN are listed in Table II. The values 
before 8 A.M. represent those 18 hours after the 2 P.M. 
dose received the previous day, whereas the values be- 
fore 2 P.M. represent those 6 hours after the 8 A.M. dose 
received that morning. During single-blind placebo ther- 
apy, all patients stopped exercise owing to angina of 
moderate severity, and the average total exercise dura- 
tion was 4.82 + 0.43 minutes. During double-blind ther- 
apy, all patients stopped exercise owing to angina of 
moderate severity during the exercise test before the 8 


rp<0.015 


2h Post 
8 AM Dose 


2h Post 
—- 2 PM Dose —— 


PLACEBO GHD IS-sMn 
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A.M. dose during placebo and IS-5-MN therapy. The 
mean values for total exercise duration before the 8 A.M. 
dose were 5.95 + 0.46 and 5.63 + 0.53 minutes during 
placebo and IS-5-MWN therapy, respectively (p = not 
significant), and were significantly higher than those 
during single-blind placebo therapy (p <0.01). The val- 
ues before 8 A.M. during placebo and IS-5-MN therapy 
were used as baseline values for subsequent comparisons 
with those 2 hours after the 8 A.M. dose, and before and 
2 hours after the 2 p.M. dose after placebo and IS-5- 
MN 


Two hours after the 8 a.M. dose, all patients stopped 
exercise due to angina of moderate severity during pla- 
cebo therapy; 16 of 18 stopped exercise owing to angina 
of moderate severity during IS-5-MN therapy (the re- 
maining 2 stopped exercise owing to fatigue). Com- 
pared with predose values, exercise duration increased 
by 1.21 minutes (21.5%) after IS-5S-MN and by 0.17 
minutes (3%) after placebo (p <0.01) (Figure 3). 

Before the 2 P.M. dose (6 hours after the 8 A.M. dose), 
all patients stopped exercise owing to angina of moder- 
ate severity during placebo and IS-5-MN therapy. Ex- 
ercise duration increased by 0.42 minutes (8%) after IS- 
5-MN and decreased by 0.1 minutes (0.02%) after pla- 
cebo (p = 0.10) (Figure 3). 

Two hours after the 2 p.m. dose, all patients stopped 
exercise owing to angina of moderate severity during 
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Lp<0.01Ṣ4 Lp<o0.014 
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FIGURE 4. Change in systolic blood pressure from values be- 
fore 8 a.m. in standing position after 1 week of therapy with 
placebo or isosorbide-5-mononitrate (IS-SMN) (20 mg twice 
daily at 8 a.m. and 2 p.m.). Systolic blood pressure decreased 
significantly by a similar magnitude 2 hours after 8 a.m. and 2 
P.M. doses. NS = not significant. 


placebo therapy, whereas 16 of 18 stopped exercise ow- 
ing to angina of moderate severity during [S-5-MN 
therapy (the remaining 2 stopped exercise due to fa- 
tigue). Exercise duration increased by 1.08 minutes 
(19%) after IS-5-MN and decreased by 0.05 minutes 
(—0.05%) after placebo (p <0.01) (Figure 3). 

Total exercise duration (Table II) and change in ex- 
ercise duration 2 hours after the 8 a.m. and 2 P.M. doses 
compared with baseline values (before 8 A.M. dose) were 
similar (Figure 3). 

Exercise-induced ST-segment depression: ST-seg- 
ment depression at peak exercise was similar at all time 
points during placebo and IS-5-MN therapy (Table II). 
However, patients exercised for a longer duration after 
IS-5-MN than after placebo. When data were analyzed 
at the same exercise duration, there was less ST-seg- 
ment depression (p <0.05) at 2 hours after the 8 A.M. 
and 2 P.M. doses after IS-5-MN than after placebo. 

Circulatory changes: Rest and exercise values for 
heart rate, systolic blood pressure and double product 
before and 2 hours after the 8 a.M. and 2 p.m. doses dur- 
ing placebo and IS-5-MN therapy are shown in Table 
IL 

At rest in the standing position, systolic blood pres- 
sure before 8 a.M. was significantly higher during IS-5- 
MN than during placebo therapy (140 + 5 vs 131 + 5 
mm Hg; p <0.01). At 2 hours after the 8 A.M. and 2 P.M. 
doses, systolic blood pressure decreased significantly af- 
ter IS-5-MN compared with after placebo (Figure 4), 
and this was associated with an increase in heart rate 
(Table II). During exercise before the 8 a.m. dose and 2 
hours after the 8 a.m. dose, double product was signifi- 
cantly higher after IS-S-MN (p <0.05) than after pla- 
cebo. 

Relation between plasma trough isosorbide-5- 
mononitrate concentration and changes in exercise 
duration and resting systolic blood pressure: Trough 
plasma IS-5-MN concentration before the 8 A.M. dose 
(i.e., 18 hours after 2 P.M. dose) was 67 ng/ml, and be- 
fore the 2 p.M. dose (i.e., 6 hours after 8 A.M. dose) was 
226 ng/ml (Figure 2). However, despite a more than 
threefold higher trough plasma IS-5-MN concentration 
before the 2 P.M. dose than before the 8 a.m. dose, the 
increases in exercise duration and reduction in systolic 
blood pressure after the 8 A.M. and 2 P.M. doses were sim- 
ilar (Figures 3 and 4). 

Hemoglobin and hematocrit: After 1 week of thera- 
py, the average values of hemoglobin and hematocrit 
were similar after IS-S-MN and placebo compared with 
pretreatment baseline values. 

Adverse events: During the placebo run-in period, 4 
patients had adverse events (2 incidents of headaches, 
and 1 incident of lightheadedness and presyncope each). 
Twelve of 19 patients (63%) reported adverse events 
during double-blind therapy. Eleven of 19 patients 
(58%) reported adverse events with IS-5-MN, and 4 
of 18 (22%) reported adverse events with placebo (p 
<0.01). Eleven of 19 patients reported headaches, 2 re- 
ported dizziness and nausea, and 1 reported fatigue dur- 
ing IS-5S-MN therapy. During placebo therapy, 2 pa- 
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tients had headaches, 1 reported nausea and 1 reported 
musculoskeletal chest pain. 

Whereas the incidence of adverse events was signifi- 
cantly higher with IS-5-MN than placebo, the severity 
of adverse events resulted in discontinuation of IS-5- 
MN after 3 days of therapy in only 1 patient. 


DISCUSSION 

In patients with stable angina pectoris who had an 
increase in exercise duration 220% after sublingual ni- 
troglycerin, therapy with IS-5-MN (20 mg twice daily 
at 8 AM. and 2 P.M.) increased exercise duration after 
both doses. The increase in exercise duration during IS- 
5-MN therapy 2 hours after the dose was similar after 
the 8 A.M. (21%) and 2 P.M. (19%) doses. In conjunction 
with an increase in exercise duration, systolic blood 
pressure in the standing position at rest decreased sig- 
nificantly and by a similar magnitude 2 hours after the 
8 A.M. and 2 P.M. doses. 

The results refute the prevailing notion that trough 
plasma IS-5-MN concentrations of <95 ng/ml?! are 
needed for maintaining the therapeutic efficacy of IS-5- 
MN. In the present study, the average trough IS-5-MN 
concentration before the 8 a.m. dose (i.e., 18 hours after 
2 P.M. dose) was 67 ng/ml, whereas it was 226 ng/ml 
before the 2 p.m. dose (6 hours after 8 A.M. dose). How- 
ever, despite an almost fourfold higher trough plasma 
concentration and concentrations >100 ng/ml in every 
patient before the 2 p.m. dose (Table I), the increase in 
exercise duration and reduction in systolic blood pres- 
sure at rest was almost identical 2 hours after the 8 A.M. 
and 2 P.M. doses. This suggests that a rapid increase in 
plasma IS-5-MN concentration rather than the abso- 
lute trough plasma values are responsible for nitrate re- 
sponsiveness during eccentric twice-daily therapy at 8 
A.M. and 2 P.M. with IS-5-MN. 

The 20 mg dose was selected in the present study 
because it exerts a near maximal effect after acute in- 
gestion and during twice-daily therapy.2?-3! The find- 
ings of the present study are important, because the 
peak effects of the morning and afternoon doses were 
compared during chronic therapy. If plasma trough 
concentrations were critical in the development of toler- 
ance during chronic therapy, one would expect no effect 
or diminished effect after the 2 P.M. dose, because the 
plasma trough concentrations were significantly higher 
than the recommended levels?! to prevent tolerance. 

We did not measure the duration of the effect of the 
2 P.M. dose of IS-5-MN, which would have provided im- 
portant information concerning the total duration of ef- 
fects of IS-5-MN during eccentric twice-daily therapy. 
In the present study, there was an increase in exercise 
duration of 0.42 minutes after IS-5-MN 6 hours after 
the 8 A.M. dose, and one could argue that the 2 p.m. dose 
will probably exert effects for <6 hours. Thus, with the 
twice-daily eccentric dosing regimen, the patient is un- 
protected from the antianginal effects of IS-5-MN from 
8 P.M. to 8 AM. (i.e. 212 hours). No patient reported 
increased frequency of nocturnal angina during IS-5- 
MN therapy. However, the duration of therapy in the 


present study was only for 7 days. Evaluation of therapy 
for a longer period of time and in a larger number of 
patients is needed to resolve this important issue. Wors- 
ening of angina has been reported when nitroglycerin 
patches are applied for only 10 to 12 hours and removed 
at night.!> 

We did not evaluate the episodes of anginal attacks 
during daily activities, because the duration of therapy 
with placebo and IS-5-MN was only 7 days each. Long- 
er periods of therapy with an adequate washout period 
between the 2 treatment phases or parallel-designed 
studies are necessary to evaluate this subjective parame- 
ter. 

The present study shows that both the 8 a.m. and 2 
P.M. doses of IS-5-MN (20 mg) improve exercise toler- 
ance and exert circulatory effects 2 hours after the dose. 
These effects are dependent on the rapidly increasing 
plasma IS-5-MN concentration rather than on an abso- 
lute trough plasma IS-5-MN concentration before each 
dose. 


Acknowledgment: We are grateful to Linda Turner 
for typing the manuscript, and to Serge Karpow, PhD, 
and Ralph Doyle for monitoring the study and supply- 
ing the study medications. 


REFERENCES 

1. Thadani U, Manyari D, Parker JO, Fung HL. Tolerance to the circulatory 
effects of oral isosorbide dinitrate: rate of development and cross tolerance to 
glyceryl trinitrate. Circulation 1980;61:526-535. 

2. Thadani U, Fung HL, Darke AC, Parker JO. Oral isosorbide dinitrate in 
angina pectoris: Comparison of duration of action and dose-response relation 
during acute and sustained therapy. Am J Cardiol 1982;49:411-419. 

3. Rudolph W, Blasini R. Nitrate tolerance: A relevant clinical problem. Herz 
1984;9:1 15-122. 

4. Parker JO, Fung HL. Transdermal nitroglycerin in angina pectoris. Am J 
Cardiol 1984;54:471-476. 

5. Thadani U, Hamilton SF, Olson E, Anderson JL, Voyle SW, Prasad R, Teague 
SM. Transdermal nitroglycerin patches in angina pectoris: dose titration, duration 
of effect, and rapid tolerance. Ann Intern Med 1986;105:485-492. 

6. Steering Committee, Transdermal Nitroglycerin Cooperative Study. Acute 
and chronic antianginal efficacy of continuous twenty-four-hour-application of 
transdermal nitroglycerin. Am J Cardiol 1991;68:1263-1273. 

7. Abrams J. A reappraisal of nitrate therapy. JAMA 1988;256:396-401. 

8. Thadani U, Whitsett T, Hamilton SF. Nitrate therapy for myocardial ischemic 
syndromes: Current perspectives including tolerance. Curr Probl Cardiol 1988; 
13:725-784. 

9. Elkayam U. Tolerance to organic nitrates: evidence, mechanisms, clinical 
relevance and strategies for prevention. Ann Intern Med 1991;114:667-677. 
10. Zimrin D, Reichek N, Bogin KT, Aurigemma G, Douglas P, Berko B, Fung 
HL. Antianginal effects of intravenous nitroglycerin over 24 hours. Circulation 
1988;77:1376-1384. 

11. Rudolph W, Blasini R, Reinger G. Tolerance development during isosorbide 
dinitrate treatment—can it be circumvented? Z Kardiol 1983;72(suppl 3): 
195-199. 

12. Parker JO, Farrell B, Lahey KA, Rose BF. Effect of intervals between doses 
on the development of tolerance to isosorbide dinitrate. N Eng J Med 1987;316: 
1440-1444. 

13. Cowan C, Bourke J, Reid DS, Julian DG. Tolerance to glyceryl trinitrate 
patches: Prevention by intermittent dosing. Br Med J 1987;294:544-546. 

14. Schaer DH, Buff LA, Katz RJ. Sustained antianginal efficacy of transdermal 
nitroglycerin patches using an overnight 10-hour nitrate-free interval. Am J Car- 
diol 1988;61:46-S0. 

15. DeMots H, Glasser SP, and the Transderm-Nitro Trial Study Group. Inter- 
mittent transdermal nitroglycerin therapy in the treatment of chronic stable 
angina. J Am Coll Cardiol 1989;13:786-793. 

16. Silber S, Vogler A, Krause KH. Induction and circumvention of nitrate 
tolerance applying different dosage intervals. Am J Med 1987;83:860-870. 
17. Abrams J. Interval therapy to avoid tolerance: paradise regained? Am J 
Cardiol 1989;64:931-934. 


ISOSORBIDE-5-MONONITRATE IN ANGINA PECTORIS 291 


18. Waters DD, Juneau M, Gossard D, Choquette G, Brien M. Limited useful- 
ness of intermittent nitroglycerin patches in stable angina. J Am Coll Cardiol 
1989;13:421-425. 

19. Bassan MM. The daylong pattern of the antianginal effect of long-term three 
times daily administered isosorbide dinitrate. J Am Coll Cardiol 1990;16: 
936-940. 

20. Thadani U. The problem of nitrate tolerance. How can it be overcome. J 
Myocardial Ischemia 1990;2:13-30. 

21. Curry SH, Aburawi SM. Analysis, disposition and pharmacokinetics of 
nitroglycerin. Biopharmaceutics. Drug Disposition 1985;6:235-280. 

22. Bogaert MG. Clinical pharmacokinetics of glyceryl trinitrate following the 
use of systemic and topical preparations. Clin Pharmacokinet 1987;12:1-11. 
23. Bogaert MG. Clinical pharmacokinetics of organic nitrates. Clin Pharmaco- 
kinet 1983;8:410-421. 

24. Abshagen U, Betzien G, Endele R, Kaufmann B, Neugebauer G. Pharmaco- 
kinetics and metabolism of isosorbide dintrate after intravenous and oral adminis- 
tration. Eur J Clin Pharmacol 1985;27:637-644. 

25. Thadani U, Whitsett T. Relationship of pharmacokinetics and pharmacody- 


namic properties of organic nitrates. Clin Pharmacokinet 1988;15:32-43. 

26. Abshagen U. Overview of the pharmacokinetics of isosorbide-5-mononitrate. 
In: Julian DG, Rittinghausen R, Uberbacher HJ, eds. Mononitrates II. Berlin: 
Springer-Verlag, 1987:28-36. 

27. Taylor T, Chasseaud LF, Major R, Doyle E. Isosorbide-S-mononitrate phar- 
macokinetics in humans. Biopharm and Drug Dispos 1981;2:255-263. 

28. Silber S, Krause KH, Theisen K, Jahrmaker H. Nitrate-tolerance: do “criti- 
cal” plasma levels exist? (abstr) Circulation 1985;72(suppl III):III-431. 

29. Thadani U, Prasad R, Hamilton SF, Voyles WF, Doyle R, Karpow SA, 
Reder R, Teague SM. Isosorbide-5-mononitrate in angina pectoris: plasma con- 
centration and duration of effects after acute therapy. Clin Pharmacol Ther 
1987;42:58-65. 

30. Tauchert M, Jansen W, Osterspey A, Fuchs M, Hombach V, Hilger HH. 
Dose dependence of tolerance during treatment with mononitrates. Z Kardiol 
1983;72(suppl 3):218-228. 

31. Thadani U, Prasad R, Hamilton SF, Voyles W, Doyle R, Karpow s, Reder R, 
Teague SM. Usefulness of twice-daily isosorbide-5-mononitrate in preventing 
development of tolerance in angina pectoris. Am J Cardiol 1987;60:477-482. 


292 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 1, 1992 


In hypertension, 


HANDLE [HEIR PRESSURE, 
WHATEVER THE LEVEL 


152/ 110 


140/96 





Ihe Measured Response of 


Once-a-Day g ee BASELINE 


Procardia XL p 


(nifedipine) Extended Release 


Tablets 30 mg, 60mg and 90 mg GITS 


BLOOD PRESSURE (BP) 
REDUCTIONS IHAT 
CORRELATE WITH 





CHANGE 


BASELINE ELEVATIONS — FROM BASELINE 





Please see brief summary of prescribing information on adjacent page. Multicenter, open-label study of the efficacy and safety of PROCARDIA XL included 1155 patients with mild to moderate 
á hypertension (sitting diastolic BP between 95 and 1 mm Hg). After a 2-wk placebo period, PROCARDIA XL was 
started at 30 mg qd and titrated to a maximum dose of 180 mg ad over 1-6 wk to achieve goal BP (sitting diastolic 
BP<90 mn 3 and a 210 mm Hg reduction from baseline); 1136 patients were evaluated at their final visit for changes 
n systolic BP. One 30-mg-qd adjustment of PROCARDIA XL was permitted during the 12-wk effic acy phase. All BP 
© 1992, Pfizer Inc vasurements were made 24 h after the last drug dose. Mean dose at final visit: 89447 mg qd. (Data on file 


Ihe Measured Response of 
Once-a-Day 


Procardia 





WHATEVER THE LEVEL 


Whatever Their Baseline Elevations, 


Start Your Hypertensive Patients on 


Convenient, Once-a-Day PROCARDIA XL 
E Start patients on a single 30-mg or 60-mg 


PROCARDIA XL Extended Release Tablet, swallowed 
whole, once a day, and titrate as clinically warranted 


E In hypertension, doses above 120 mg are not 
recommended 


E Side effects include peripheral edema, which is not 
associated with fluid retention, and headache 


nifedioine) Extended Release 
Tablets 30 mg, 60mg and 90 mg GITS 


HANDLES THEIR PRESSURE, 





PROCARDIA XL Also Provides 24-Hour 
Control of Angina’ 


E In angina, doses above 90 mg should be used with 
caution and only when clinically warranted 


References: 1. Data on file. Pfizer Inc, New York, NY. 2. Bittar N. Usefulness 
of nifedipine for myocardial ischemia and the nifedipine gastrointestinal 
therapeutic system. Am | Cardiol. 1989;64:31F-34F. 


Brief Summary 
PROCARDIA XL® (nifedipine) Extended Release Tablets 
CONTRAINDICATIONS: Known hypersensitivity reaction to nifedipine 
WARNINGS: Excessive Hypotension: Although in most angina patients the hypotensive effect of nifedipine is modest and well 
tolerated, occasional patients have had excessive and poorly tolerated hypotension. These responses have usually occurred 
during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in patients on concomitant 
beta blockers 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving nifedipine together 
with a beta-biocking agent who underwent coronary artery bypass surgery using high dose fentanyl anesthesia. The interaction 
with high dose fentanyl appears to be due to the combination of nifedipine and a beta blocker, but the possibility that it may occur 
with nifedipine alone, with low doses of fentanyl, in other surgical procedures, or witn other narcotic analgesics cannot be ruled 
out. In nifedipine-treated patients where surgery using high cose fentanyl anesthesia is contemplated, the physician should be 
aware of these potential problems and if the patient's condition permits, sufficient time (at least 36 hours) should be allowed for 
nifedipine to be washed out of the body prior to surgery 

The following information should be taken into account in those patients who are being treated for hypertension as well as 
angina 
Increased Angina and/or Myocardial Infarction: Rarely, patients, particularly those who have severe obstructive coronary artery 
disease, have developed well documented increased frequency. duration and/or severity of angina or acute myocardial infarction 
on starting nifedipine or at the time of dosage increase. The mechanism of this effect is not established 
Beta Blocker Withdrawal: Itis important to taper beta blockers if possible, rather than stopping them abruptly before beginning 
nifedipine. Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with increased angina, probably 
related to increased sensitivity to catecholamines. Initiation of nifedipine treatment will not prevent this occurrence and on occa- 
sion has been reported to increase it 
Congestive Heart Failure: Rarely. patients usually receiving atbeta blocker, have developed heart failure after beginning nifedi- 
pine. Patients with tight aortic stenosis may be at greater risk for such an event, as the unloading effect of nifedipine would be 
expected to be of less benefit to those patients, owing to their fixed impedance to flow across the aortic valve 
PRECAUTIONS: General—Hypotension: Because nifedipine decreases peripheral vascular resistance, careful monitoring of 
blood pressure during the initial administration and titration of nifedipine is suggested. Close observation is especially recom- 
mended for patients already taking medications that are known to lower blood pressure. (See WARNINGS. ) 
Peripheral Edema: Mild to moderate peripheral edema occurs in a dose dependent manner with an incidence ranging from 
approximately 10% to about 30% at the highest dose studied (180 mg). It is a localized phenomenon thougnt to be associated 
with vasodilation of dependent arterioles and small blood vessels and not due to left ventricular dysfunction or generalized fluid 
retention. With patients whose angina or hypertension is compiicated by congestive heart failure, care shoulc be taken to differ- 
entiate this peripheral edema from the effects of increasing left ventricular dysfunction 
Other: As with any other non-deformable material, caution should be used when administering PROCARDIA XL in patients with 
preexisting severe gastrointestinal narrowing (pathologic or iatragenic). There have been rare reports of obstructive symptoms in 
patients with known strictures in association with the ingestion of PROCARDIA XL 
Laboratory Tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phosphatase, CPK, 
LDH, SGOT, and SGPT have been noted. The relationship to nifedipine therapy is uncertain in most cases, but probable in some 
These laboratory abnormalities have rarely been associated with clinical symptoms; however, cholestasis with or without jaundice 
has been reported. A small (5.4%) increase in mean alkaline phosphatase was noted in patients treated with PROCARDIA XL. This 
was an isolated finding not associated with clinical symptoms and it rarely resulted in values which fell outside the normal range 
Rare instances of allergic hepatitis have been reported. In controlled studies, PROCARDIA XL did not adversely affect serum uric 
acid, glucose, or cholesterol. Serum potassium was unchanged in patients receiving PROCARDIA XL in the absence of concomi- 
tant diuretic therapy, and slightly decreased in patients receiving concomitant diuretics 

Nifedipine, like other calcium channel blockers, decreases platelet aggregation in vitro. Limited clinical studies have demon- 
strated a moderate but statistically significant decrease in platelet aggregation and increase in bleeding time in some nifedipine 
patients. This is thought to be a function of inhibition of calcium transport across the platelet membrane. No clinical significance 
for these findings has been demonstrated 

Positive direct Coombs test with/without hemolytic anemia has been reported but a causal relationship between nifedipine 
administration and positivity of this laboratory test, including hemolysis, could not be determined 

Although nifedipine has been used safely in patients with renaldysfunction and has been reported to exert a beneficial effect in 
certain cases, rare reversible elevations in BUN and serum creatinme have been reported in patients with pre-existing chronic renal 
insufficiency. The relationship to nifedipine therapy is uncertain in most cases but probable in some. 
Drug Interactions—Beta-adrenergic blocking agents: (See WARNINGS) Experience in over 1400 patients with Procardia* cap- 
sules in a noncomparative Clinical trial has shown that concomitant administration of nifedipine and beta-biocking agents is usual- 
ly well tolerated but there have been occasional literature reports:suggesting that the combination may increase the likelihood of 
congestive heart failure, severe hypotension, or exacerbation of angina 

Long Acting Nitrates: Nifedipine may be safely co-administerec with nitrates, but there have been no controlled studies to eval- 
uate the antianginal effectiveness of this combination 

Digitalis: Administration of nifedipine with digoxin increased cigoxin levels in nine of twelve normal volunteers. The average 
increase was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coronary artery disease. In an 
uncontrolled study of over two hundred patients with congestive heart failure during which digoxin blood levetis were not mea- 
sured, digitalis toxicity was not observed. Since there have been isolated reports of patients with elevated digoxin levels, it is rec- 
ommended that digoxin levels be monitored when initiating, adjusting, and discontinuing nifedipine to avoid possible over- or 
under-digitalization 


For Oral Use 


Coumarin Anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin anticoagu- 
lants to whom nifedipine was administered. However, the relationship to nifedipine therapy is uncertain 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (80%) and area- 
under-the-curve (74%), after a one week course of cimetidine at 1000 mg per day and nifedipine at 40 mg per day. Ranitidine pro- 
duced smaller, non-significant increases. The effect may be mediated by the known inhibition of cimetidine on hepatic 
cytochrome P-450, the enzyme system probably responsible for the first-pass metabolism of nifedipine. If nifedipine therapy is 
initiated in a patient hein p receiving cimetidine, cautious titration is advised 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Nifedipine was administered orally to rats, for two years and was not 
shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose approximately 30 times 
the maximum recommended human dose. /n vivo mutagenicity studies were negative. 

Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats when given in doses 30 times the maximum 
recommended human dose. Nifedipine was embryotoxic (increased fetal resorptions, decreased fetal weight, increased stunted 
forms, increased fetal deaths, decreased neonatal survival) in rats, mice, and rabbits at doses of from 3 to 10 times the maximum 
recommended human dose. In pregnant monkeys, doses 2/3 and twice the maximum recommended human dose resulted in small 
placentas and underdeveloped chorionic villi. In rats, doses three times maximum human dose and higher caused prolongation of 
pregnancy. There are no adequate and well controlled studies in pregnant women. PROCARDIA XL" (nifedipine) Extended Release 
Tablets should be used during a te only if the potential benefit justifies the potential risk to the fetus. 

ADVERSE EXPERIENCES: Over 1000 patients from both controlled and open trials with PROCARDIA XL Extended Release Tablets 
in hypertension and angina were included in the evaluation of adverse experiences. All side effects reported during PROCARDIA XL 
Extended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common side effect 
reported with PROCARDIA XL was edema which was dose related and ranged in frequency from approximately 10% to about 30% 
at the highest dose studied (180 mg). Other common adverse experiences ay pria in placebo-controlled trials include: headache 
(15.8%, compared to 9.8% placebo incidence), fatigue (5.9%, compared to 4.1% placebo incidence), dizziness (4.1%, compared 
to 4.5% placebo incidence), constipation (3.3%, compared to 2.3% placebo incidence), and nausea (3.3%, compared to 1.9% 
placebo incidence). Of these, only edema and headache were more common in PROCARDIA XL patients than placebo patients 

The following adverse reactions occurred with an incidence of less than 3.0%. With the exception of leg cramps. the incidence 
of these side effects was similar to that of placebo alone: body as a whole/systemic: asthenia, flushing, pain; cardiovascular: pal- 
pitations: central nervous system: insomnia, nervousness, paresthesia, somnolence; dermatologic : pruritus, rash; gastrointesti- 
nal: abdominal pain, diarrhea, dry mouth, dyspepsia, flatulence; musculoskeletal: arthralgia, leg cramps; respiratory : chest pain 
(nonspecific), dyspnea; urogenital : impotence, polyuria 

Other adverse reactions were reported sporadically with an incidence of 1.0% or less. These include: body as a whole/systemic 
face edema, fever, hot flashes, malaise, periorbital edema, rigors; cardiovascular : arrhythmia, hypotension, increased angina, 
tachycardia, syncope; central nervous system : anxiety, ataxia, decreased libido, depression, hypertonia, hypoesthesia, migraine, 
paroniria, tremor, vertigo; dermatologic: alopecia, increased sweating, urticaria, purpura; gastrointestinal: eructation, gastro- 
esophageal reflux, gum hyperplasia, melena, vomiting, weight increase; musculoskeletal: back pain, gout, myalgias; respiratory 
coughing, epistaxis, upper respiratory tract infection, respiratory disorder, sinusitis; special senses : abnormal lacrimation. abnor- 
mal vision, taste perversion, tinnitus; urogenital/reproductive: breast pain, dysuria, hematuria, nocturia 

Adverse experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurrent disease states or 
medications 

The following adverse experiences, reported in less than 1% of patients, occurred under conditions (e.g., open trials, marketing 
experience) where a Causal relationship is uncertain: gastrointestinal irritation, gastrointestinal bleeding 

In muitiple-dose U.S. and foreign controlled studies with nifedipine capsules in which adverse reactions were reported sponta- 
neously, adverse effects were frequent but generally not serious and rarely required discontinuation of therapy or dosage adjust- 
ment. Most were expected consequences of the vasodilator effects of Procardia. Adverse experiences reported in placebo-con- 
trolled trials include: dizziness, lightheadedness, and giddiness (27%, compared to 15% placebo incidence); flushing, heat sensa- 
tion (25%, compared to 8% placebo incidence): headache (23%, compared to 20% placebo incidence); weakness (12%, com- 
pared to 10% placebo incidence); nausea, heartburn (11%, compared to 8% placebo incidence); muscle cramps, tremor (8%, 
compared to 3% placebo incidence); peripheral edema (7%, compared to 1% placebo incidence); nervousness, mood changes 
(7%, compared to 4% placebo incidence); palpitation (7%, compared to 5% placebo incidence); dyspnea, cough, and wheezing 
(6%, compared to 3% placebo incidence); and nasal congestion, sore throat (6%, compared to 8% placebo incidence) 

There is also a large uncontrolled experience in over 2100 patients in the United States. Most of the patients had vasospastic or 
resistant angina pectoris, and about half had concomitant treatment with beta-adrenergic blocking agents. The relatively common 
adverse events were similar in nature to those seen with PROCARDIA XL 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the disease in 
these patients. It remains possible, however, that some or many of these events were drug related. Myocardial infarction 
occurred in about 4% of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or con- 
duction disturbances each occurred in fewer than 0.5% of patients 

in a subgroup of over 1000 patients receiving Procardia with concomitant beta blocker therapy, the pattern and incidence of 
adverse experiences was not different from that of the entire group of Procardia treated patients (See PRECAUTIONS.) 

In a subgroup of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or light- 
headedness, peripheral edema, headache or flushing each occurred in one in opi patients. Hypotension occurred in about one in 
20 patients. Syncope occurred in approximately one patient in 250. Myocardial infarction or symptoms of congestive heart failure 
each occurred in about one patient in 15. Atrial or ventricular dysrhythmias each occurred in about one patient in 150 

In post-marketing experience, there have been rare reports of exfoliative dermatitis caused by nifedipine 


More detailed professional information available on request Revised July 1990 
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Restenosis remains a critical limitation of percuta- 
neous transluminal coronary angioplasty (PTCA). 
Recent experimental and clinical data have sug- 
gested that lovastatin, an hydroxymethylglutaryl 
coenzyme A reductase inhibitor, may reduce the 
rate of restenosis through reduction of low densi- 
ty-lipoprotein (LDL) cholesterol or possibly by di- 
rect effects. Lovastatin may therefore produce fa- 
vorable alterations in endothelial healing, result- 
ing in a decreased smooth muscle cell proliferative 
response to injury after angioplasty. Emory Uni- 
versity, in conjunction with Merck Research Labo- 
ratories, has initiated a 10-center double-blinded, 
placebo-controlled, randomized trial to assess the 
effect of both pretreatment and aggressive lipid 
lowering with lovastatin in reducing the rate of re- 
stenosis. Lovastatin achieves approximately 75% 
of its effect on LDL cholesterol by 1 week. Thus, 
patients scheduled for PTCA are randomly as- 
signed pretreatment with lovastatin, 40 mg twice 
daily, or placebo 7 to 10 days before PTCA. Ther- 
apy is continued for 6 months, at which time re- 
peat coronary arteriography is performed. A de- 
tailed safety algorithm was designed, with pa- 
tients receiving lovastatin and matching placebo 
back-titrated on a 1:1 basis for LDL cholesterol 
<50 mg/dl. The power is a 90%, a = 0.05, 2- 
tailed test to reduce restenosis from 30 to 15%. 
The sample size is 360 patients in the 2 arms; al- 
lowing for a 10% dropout rate, approximately 
400 patients will be randomized. Patients with 
successful PTCA, <50% residual diameter steno- 
sis and >20% diameter stenosis reduction are an- 
alyzed for restenosis at 4 to 6 months by quantita- 
tive coronary arteriography. All lipid values and 
quantitative coronary artery measurements are 
performed by core laboratories unaware of clinical 
data. All data are handled through the biostatisti- 
cal coordinating center at Emory. Monthly safety 
reports are made to a Data and Safety Monitoring 
Board. The primary end point is recurrence of 
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>50% diameter narrowing of an index site, the 
first nontotally occluded native site successfully 
dilated. Secondary end points are absolute mini- 
mal luminal diameter (in mm), recurrence in non- 
index lesions, exercise response, thallium scintig- 
raphy and cardiac events. The design of this trial 
is aimed at providing definitive information on the 
effects of lovastatin monotherapy in preventing re- 
stenosis after coronary angioplasty. | 

(Am J Cardiol 1992;70:293-299) 


(PTCA) was introduced in 1978 for the nonsur- 

gical treatment of coronary artery disease.' Al- 
though the procedure currently enjoys an initial success 
rate of approximately 90% and serious complications re- 
quiring emergent coronary artery bypass surgery occur 
in <4% of cases,” a physiologically significant stenosis 
recurs between 1 and 6 months at the site of PTCA in 
approximately 30 to 35% of patients.>° This rate of re- 
stenosis has remained constant despite the continued 
improvement in both initial success rates, the introduc- 
tion of new devices to complement balloon PTCA, and 
a decline in the rate of initial complications. Multiple 
pharmacologic approaches to try to prevent restenosis 
have been suggested, and numerous trials have been 
performed with multiple agents to try to decrease the 
rate of restenosis.” Recent clinical and animal data 
have suggested that hydroxymethyl glutaryl coenzyme 
A (HMG-CoA) reductase inhibitors may prevent reste- 
nosis.2-!! It is the purpose of this paper to present the 
background and methods for a multicenter trial to eval- 
uate the effects of the HMG-CoA reductase inhibitor 
lovastatin in the prevention of restenosis. 


P ercutaneous transluminal coronary angioplasty 


BACKGROUND 

Pathophysiologic basis: Considerable data have ac- 
cumulated over the last several decades linking elevated 
blood lipids, especially low-density lipoprotein (LDL) 
cholesterol to the development of atherosclerosis and 
subsequent cardiac events.'*!3 Furthermore, lowering 
total and LDL cholesterol levels has been shown to re- 
duce the risk of coronary events.!*+!> 

Restenosis may be viewed as a multifactorial re- 
sponse of the vascular tissue to balloon injury involving 
5 interactive processes: elastic recoil, vasospasm, throm- 
bosis, platelet deposition and cellular proliferation.'©!” 
If elevated serum lipids adversely effect the endotheli- 
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TABLE I Exclusions 


Primary exclusions 
Prior coronary angioplasty 
Coronary bypass surgery within 6 months 
Too unstable to wait 7 days for angioplasty 
Unable to return for restudy angiogram 
Age <30or >81 years 


Angiographic exclusions 
Total occlusion at all sites for angioplasty 
Q-wave infarct or akinesia at all sites for angioplasty 
3-vessel or left main coronary disease (unprotected) 
No native lesion with probability of success > 90% 
No suitable lesions in vessels > 1.5 mm diameter 
No lesions suitable for standard balloon angioplasty 


Clinical exclusions 
Prior myocardial infarction within 4 weeks 
Total serum cholesterol > 300 or < 160 mg/dl 
Taking cholesterol-lowering medications within 3 months 
Serum triglycerides >350 mg/dl 
Unreliable/communication barrier 
Inaccessible for follow-up 
Creatinine > 1.8 mg/dl; 1.5 if age > 75 years, blood glucose > 200 
mg/dl or on oral hypoglycemic SGPT ` 
SGOT or pyruvic transaminase > 20% above upper limit of normal 
Diabetic on insulin or blood glucose > 240 mg/dl 
Hypercholesterolemia due to secondary causes 
Liver disease within 6 months 
Hypersensitivity to HMG-CoA reductase inhibitors 
Creatine phosphokinase levels > 50% above upper limit of normal 
Active drug or alcohol abuse 
Immunosuppressants therapy 
Other investigational drug(s) 
Serious coexisting illness 
Marked change in ischemic cardiac pain within 2 weeks 
Luminal thrombus requiring heparin 
Woman of child-bearing potential 


HMG-COA = hydroxymethylglutaryl coenzyme A; SGOT = serum glutamic oxaloace- 


tic transaminase; SGPT = serum glutamic pyruvic transaminase. 





um, and restenosis is largely related to abnormal heal- 
ing of the endothelium, then it is possible that ameliora- 
tion of the abnormal lipid milieu may result in less 
myointimal proliferation. Restoration of normal endo- 
thelial function has been demonstrated in experimental 
animals with correction of serum lipids, but to date not 
in humans.! In addition, correction of serum lipid 
abnormalities in non-human primates has been shown 
to promote microscopic healing of atherosclerotic le- 
sions.'®:!9 Lowering of LDL cholesterol may therefore 
stabilize and promote healing of atherosclerotic lesions 
not visible on the coronary arteriogram. A partially 
healed lesion may have less mechanical injury, and ex- 
perience a less severe myointimal proliferative response. 
The hypothesis that lipid lowering may play a role in 
endothelial healing, and restoration of normal endotheli- 
um-derived relaxation may be beneficial in preventing 
restenosis and argues in favor of an aggressive pretreat- 
ment phase before PTCA. 

Experimental and clinical background: Two experi- 
mental studies support the use of lovastatin to prevent 
restenosis. Gellman et al? randomized 38 atherosclerotic 
rabbits to lovastatin (6 mg/kg/day) or placebo after 
balloon PTCA of the femoral artery. There was better 
preservation of luminal diameter and less intimal thick- 
ening in the lovastatin group. In a rat carotid model, 


lovastatin reduced the formation of neointimal plaques, 
perhaps due to inhibition of smooth muscle cell prolifer- 
ation.!° 

Whereas multiple studies have examined clinical 
and angiographic risk factors for restenosis after 
PTCA,46-8.20.21 the cellular mechanisms have not been 
defined, and there is conflicting evidence supporting se- 
rum lipids as a predictor of restenosis.++° The evidence 
for a role of serum LDL cholesterol in restenosis comes 
largely from retrospective analyses using databases not 
designed to evaluate the role of lipids in restenosis. In 
addition, relative to the normal cholesterol levels of 
most experimental animals (100 to 150 mg/dl), most 
patients undergoing PTCA do so in a hyperlipidemic 
environment.”* It has been suggested that all patients 
with coronary artery disease have cholesterol levels that 
are too high for their vascular biology,” suggesting that 
aggressive lowering of cholesterol may be beneficial. 

In a clinical trial by Sahni et al,'! 157 patients were 
treated with either 20 mg/day of lovastatin or standard 
therapy after successful PTCA. Restenosis to >50% di- 
ameter narrowing was noted in 12% of treated and 45% 
of nontreated patients (p = 0.0001). The follow-up was 
incomplete with only 63% of treated patients and 37% 
of non-treated patients having follow-up catheterization. 
More significantly, the treatment arms were not blind- 
ed, leaving uncertainty about the results. 


METHODS 

The lovastatin restenosis trial is a double-blind, pla- 
cebo-controlled trial to determine whether administra- 
tion of lovastatin, 40 mg orally twice daily starting 7 to 
10 days before and continuing for 6 months after 
PTCA, will reduce the rate of restenosis after successful 
PTCA. A successful PTCA is defined as reduction in 
percent luminal diameter of the first native vessel dilat- 
ed (index lesion) to <50% diameter stenosis and a re- 
duction in luminal diameter of >20%. PTCA must not 
be complicated by Q-wave myocardial infarction, emer- 
gent surgery or death. Angioplasty procedures that are 
not successful or complicated by these acute complica- 
tions result in the patient being excluded from further 
study. Although this violates strict intention to treat, 
unsuccessful PTCAs cannot properly be evaluated for 
restenosis. 

Exclusion criteria are listed in Table I. Dilatations of 
restenotic lesions and saphenous veins are excluded be- 
cause these lesions may represent different biologic sub- 
strates, and the clinical presentation may differ from 
patients presenting for a first PTCA. A 6-month wait 
after coronary surgery is to avoid having patients enter 
the trial while still recovering. Patients with a prior 
myocardial infarction are required to be at least 1 
month status post the most recent infarction, because an 
acute myocardial infarction is known to dramatically 
affect serum lipids. To be eligible a patient must have a 
total cholesterol of 160 to 300 mg/dl and at least 1 le- 
sion in a native vessel 50 to 99% stenotic, >1.5 mm in 
diameter supplying viable myocardium, offering at least 
a 90% procedural chance of a successful result by stan- 
dard balloon PTCA as assessed by the PTCA operator. 
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This lesion is then the “nominated index lesion.” The 
“index lesion” for the trial is the first successfully dilat- 
ed native vessel lesion. 

The patient follow-up throughout the trial from visit 
1 (randomization) through visit 6 (restudy angiogra- 
phy) is detailed in Table II. Once determined to be eli- 
gible and informed consent obtained, the patient is ran- 
domized to lovastatin 40 mg twice a day, or to matching 
placebo. Baseline fasting serum lipids, serum glutamic 
oxalacetic and pyruvic transaminases, creatine phospho- 
kinase (safety chemistries) and other chemistries and 
hematology tests will be determined, and therapy with 
study medication begun. Patient education for compli- 
ance with the step 1 American Heart Association diet 
will also be provided. The patient will return at 1 week 
for PTCA, as well as serum lipids and a pill compliancy 
check. If PTCA is angiographically successful, and not 
complicated by acute myocardial infarction, death or 
the need for coronary surgery, the patient will continue 
in the trial. Repeat safety chemistries and lipid levels 
and compliance checks will be performed at 4, 12, 18 
and 26 weeks. An exercise electrocardiogram with thal- 
lium scintigraphy and restudy coronary arteriogram will 
be obtained at 26 weeks. If the patient cannot exercise, 
dipyridamole will be administered. 

All lipid measurements and safety chemistries are 
analyzed throughout the trial at a central core laborato- 
ry (Table II). Total serum cholesterol between 160 and 
300 mg/dl to determine eligibility is the only locally 
measured lipid parameter. All local laboratories were 
standardized for measurement of cholesterol. A detailed 
safety algorithm was developed to back-titrate or dis- 
continue treatment as follows: discontinue for creatine 
phosphokinase elevation to >10 times the upper limit of 
normal on repeat analysis, creatinine phosphokinase 
>10 times the upper limit of normal without repeat if 
there are unexplained myalgias, or serum glutamic ox- 
alacetic transaminase or pyruvic transaminase to >3 
times the upper limit on repeat analysis. If LDL choles- 
terol is <50 mg/dl on repeat measurement, then the 
medication is back-titrated to 20 mg twice daily. If on 
the next visit, the LDL cholesterol is still <50 mg/dl on 
repeat measurement, the medication is discontinued. If 
the medication is discontinued for any of these reasons, 
then the safety laboratory measurements are repeated 
within 2 weeks to ensure that there are no undetected 
patient safety issues. Any time a patient taking active 
medication enters into these safety algorithms the pa- 
tient is paired with a randomly selected patient from the 
placebo arm. The patient and placebo mate will then 
follow the same course to protect the study blind. All 
data from the lipid core laboratory are reviewed by a 
physician aware of all treatment and clinical data for 
safety problems that would mandate unblinding and no- 
tification to the clinical site. 

All coronary arteriograms are analyzed by quantita- 
tive coronary angiography for study end points. The ar- 
teriograms before, just after PTCA and at 6-month re- 
study will be included in the study analysis. The arterio- 
grams for the PTCA sites are recorded with the near 
orthogonal views that best demonstrate the lesions of 


TABLE II Lovastatin Restenosis Trial Flow Sheet 


Visit l 2 3 4 5 6 
Week —} 0 4 12 18 26 





































Clinical data 


Medical history X X 
Physical exam X X 
Ophthalmologic exam X 
Electrocardiogram X X X X 
Dietary instruction X X X X X X 
Randomization X 
Angiogram X X 
Coronary angioplasty X 
Complications X X X X X 
Exercise electrocar- X 
diogram 
Thallium X 
Follow-up events X X X X X 
Drug compliance X X X X X 
Laboratory data 
Total cholesterol* Xt X X X 
HDL cholesterol* X X X X 
Triglycerides* X X X X 
LDL cholesterol* X X X X 
Apo Lp(a)* X X 
SMA 12 Xt Xt 
SGOT Xt X X X Xt 
SGPT Xt X X X Xt 
Creatine phosphoki- Xt X X X Xt 
nase 
Complete blood count Xt Xt 
Urinanalysis Xt 









*Fasting. 
tLocal analysis used for inclusion criterion. 
tLocal analysis. 

Apo Lp(a) = apolipoprotein (a); HDL = high-density lipoprotein cholesterol; LDL = 
low-density lipoprotein cholesterol; SGOT = serum glutamic oxaloacetic transaminase; 
SGTP = serum glutamic pyruvic transaminase. 


interest. The angles selected are those that display the 
lesion as sharply and clearly as possible, avoiding fore- 
shortening when possible. The initial projections are re- 
corded and utilized for all subsequent arteriograms. An 
attempt is made to keep the region of the stenosis in the 
center of the image and the catheter tip within the im- 
age. The appropriate grids for calibration are also 
filmed. To control for variability in vasomotor tone, all 
patients receive intracoronary nitroglycerin 100 to 200 
ug. The coronary tree is divided into 22 segments and 
percent diameter narrowing at each PTCA site record- 
ed. The films and catheter tips are then forwarded to 
the angiographic core laboratory for analysis by an ob- 
server unaware of the treatment arm. 

Quantitative coronary arteriography: Quantitative 
coronary arteriographic analysis is performed by 2 inde- 
pendent observers. The single frame best defining each 
dilated narrowing in each view is identified. Each cine 
angiogram frame is optically magnified (8 times) using 
a high-quality video system and a light source with uni- 
form illumination. The video signal is digitized at 8 bits 
per pixel (256 level gray scale) and displayed on the 
computer monitor. The operator then measures the 
most stenotic segment of the lesion using a digital cali- 
per system with the catheter as a reference dimension. 
The “normal” segment of the vessel is measured by 
identifying the area just proximal to, but not involving, 
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the stenosis. In cases where there may be ectasia or un- 
certainty of the normal portion of the proximal vessel, 
the site just distal to the stenosis is measured. Angio- 
grams from the initial study and 6-month follow-up in 
the same view are evaluated side by side to facilitate 
consistency in the choice of the normal dimension. 
Grids are digitized and graphically superimposed onto 
the previously digitized angiogram and used to correct 
for pincushion distortion. The process is then repeated 
in the second view using branch points as an aid to in- 
sure that the “normal area” chosen in the second view 
is identical to the first view. For each single view, 
the percent diameter stenosis, minimal luminal diame- 
ter (in mm), normal segment diameter (in mm), mini- 
mal cross-sectional area (in mm7*), and percent area re- 
duction assuming a circular dimension are calculated. 
For the combined near orthogonal views, the averages 
of the diameter stenoses in percentage, minimal luminal 
diameter (in mm), normal segment diameters (in mm), 
and minimal cross-sectional area (in mm2), assuming an 
elliptical lumen, are calculated and averaged for the 2 
observers. Morphometric analysis of multiple lesion 
characteristics are performed as previously described.7! 

Exercise electrocardiogram and thallium scintigra- 
phy: Patients are excluded from exercise if diastolic 
blood pressure is =110 mm Hg or there is increased 
angina pectoris within 2 weeks, ventricular arrhythmias 
on the resting electrocardiogram, or inability to walk on 
the treadmill. Exercise is performed using the Bruce?4 
or Naughton protocols.*> Patients exercise to 85 to 
100% of maximal predicted heart rate, at which point 
thallium is injected. Imaging begins after recovery. Di- 
pyridamole pharmacologic stress, with 0.142 mg/kg/ 
min for 5 minutes, is used in patients unable to exercise. 

End points: PRIMARY: Restenosis, defined as a recur- 
rence of 250% diameter narrowing on the restudy an- 
giogram is the primary end point. The primary end 
point will be analyzed on a per patient basis. Patients 
are scheduled for repeat angiograms at 6 months. How- 
ever, arteriograms recorded after 4 months, or earlier if 
restenosis occurs, may be used for end point analysis. 
Arteriograms recorded before 4 months and not show- 
ing restenosis will be repeated at 6 months. 

SECONDARY: The secondary end points include the 
recurrence of 250% diameter narrowing for all success- 
fully dilated lesions, continuous measures of minimal 
vessel diameter (in mm) at restudy angiogram, the 
change in absolute vessel diameter (in mm) from the 
post-PTCA to restudy, the percent diameter narrowing 
at restudy and fractional loss of the gain from post- 
PTCA to restudy. Each of these end points are mea- 
sured both per patient for the index lesion and per lesion 
for all successfully dilated lesions. A categorical analysis 
is also performed to evaluate restenosis in no sites, some 
sites and all sites per patient. 

In addition, the need for repeat revascularization 
including coronary artery bypass surgery and repeat 
PTCA after the initial hospitalization will be assessed. 
Fatal and nonfatal cardiac events, including angina pec- 
toris, myocardial infarction and death after the initial 
hospitalization will also be included, although the study 
lacks power for these end points. 


The exercise electrocardiogram and thallium perfu- 
sion results will also be analyzed. The presence >1 mm 
horizontal or downsloping ST depression, 2 mm upslop- 
ing at 80 ms after the J point or ST-segment elevation 
in leads without a significant Q wave within 9 minutes 
on the Bruce protocol will be considered to indicate an 
ischemic response. The development of angina pectoris 
during the exercise test, time to angina as well as total 
exercise time will also be considered as separate end 
points. Stress, redistribution and reinjection thallium- 
201 scintigraphy using single-photon emission computed 
tomography images will be assessed qualitatively and 
quantitatively.’ Stress defects are qualitatively graded 
for size (none for no defect, small, moderate, large). 
The presence of improved perfusion at redistribution 
will be graded using the scale of (1) partial redistribu- 
tion, (2) nearly complete redistribution, or (3) complete 
redistribution. The index lesion will be identified and 
the image reinterpreted as mentioned for a defect in this 
vascular zone. 

analyses: The clinical and angio- 
graphic variables include age, gender, prior myocardial 
infarction, hypertension, present and past smoking sta- 
tus, anginal class, diseased vessels, lipid levels, number 
of lesions and vessels dilated, lesion location, tortuosity, 
bend point lesions, calcium, and length will be analyzed 
as correlates of restenosis. In addition, an evaluation of 
the safety and efficacy of lovastatin 40 mg those daily 
in a population with coronary disease, but not necessari- 
ly with elevated serum lipids, also is assessed. 

Statistical analysis: A sample size of 360 will permit 
evaluation of the effect of lovastatin on the primary end 
point. Allowing for approximately a 10% dropout rate 
(due mainly to unsuccessful PTCA), the total sample 
size of approximately 400 will be adequate to test the 
difference between groups. If the dropout rate is >10%, 
the recruitment period will be extended to ensure that 
360 patients with full angiographic follow-up are ran- 
domized. With an anticipated restenosis rate of 30% in 
the control group, a sample size of 180 in each group 
will have 290% probability of detecting a reduction of 
50% in the incidence of restenosis in the index lesion at 
the a = 0.05 level (2-tailed).” This sample size will also 
be sufficient to detect a difference of 0.36 mm in mini- 
mal lumen diameter between the 2 groups with >90% 
power. 

All baseline and end point variables in the 2 treat- 
ment arms compared by the Mantel-Haenszel proce- 
dure for categorical variables and 1 or 2-way analysis of 
variance (depending on the end point) for continuous 
variables. Data will be analyzed using an intention-to- 
treat approach, but limited to patients with successful 
PTCA. Data will also be analyzed on a per patient basis 
using both the index lesion and by all dilated vessels. 
Predictors of restenosis will be identified by stepwise lo- 
gistic regression. Angiographic failure defined by failure 
to dilate to <50% and reduce initial stenosis by 220% 
will result in patient discontinuation from active treat- 
ment. These subjects will not be included in the primary 
end point analysis, but will be evaluated to ensure ran- 
dom distribution of dropouts. Similarly, coronary artery 
bypass surgery, recurrent angina pectoris, Q-wave in- 
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farction or death after PTCA will be evaluated as sec- 
ondary end points. Only patients with angiographically 
successful PTCAs not complicated by periprocedural 
death, myocardial infarction or coronary bypass surgery 
will return for follow-up angiography. 

Endothelial vasodilator function substudy: The ob- 
jective of this substudy is to determine whether the 
epicardial coronary vasodilator response to the endothe- 
lium-dependent agent acetylcholine can demonstrate 
improved endothelial function with aggressive lipid-low- 
ering therapy. In a subset of patients the acute (7 to 10 
days) and chronic (6 month) effects of aggressive treat- 
ment with lovastatin versus placebo on endothelial vaso- 
dilator function will be evaluated. The logistics of the 
main trial preclude a baseline study before starting the 
drug. 

The study vessel may be any of the major epicardial 
vessels not having an obstruction of >50% and cannot 
include a site for PTCA. If the study vessel is the right 
coronary artery a temporary transvenous pacing wire is 
inserted. Twenty-four hours before PTCA and again at 
restudy, nitrates, calcium antagonists, and -blocking 
drugs are withheld. An intracoronary infusion catheter 
is positioned in the study vessel for infusion of vasoac- 
tive agents. Comparison of arterial responses to nitro- 
glycerin between and within groups are performed to 
ensure that changes in response are not due to differ- 
ences in baseline coronary artery tone. Biplane coronary 
angiography are performed after each infusion to assess 
changes in coronary dimensions in response to incre- 
mental increases in acetylcholine drug infusion rate 
(10-°M, 10-8M, 1077M and 10~° intracoronary con- 
centrations). Infusion of acetylcholine is discontinued if 
>50% diameter constriction occurs. After the acetyl- 
choline infusions, nitroglycerin is given as a 40 ug infu- 
sion and a coronary arteriogram performed. The proto- 
col is terminated if the patient becomes uncomfortable 
or develops chest pain, electrocardiographic signs of 
ischemia, adverse hemodynamic changes or any adverse 
symptom. 

Dose response curves of changes in quantitatively 
measured coronary artery dimensions will be construct- 
ed for each patient. Comparison of acetylcholine dose- 
response curves from initial and follow-up studies and 
between patient groups will be made using an analysis 
of variance for repeated measures. For a = 0.05 2- 
tailed, 90% power to detect 2 standard deviation of dif- 
ference, a sample size of 20 is required in each group. 

Cost-effectiveness of lovastatin in the prevention of 
restenosis: A cost-effectiveness analysis will be per- 
formed to determine the potential costs or savings by 
preventing an episode of restenosis. The measure of ef- 
fectiveness will be the rate of reduction in restenosis. 
There is the associated cost of 6 months therapy with 
lovastatin, including the drug, office visits and associ- 
ated blood tests. The potential savings are the direct and 
indirect costs avoided by preventing restenosis. 

Most patients with restenosis will require further 
therapy, and differences in resource utilization (direct 
and indirect) for patients who have restenosis and those 
who do not will be measured. The simplest measures are 
repeat PTCA and coronary surgery at the time of reste- 


nosis. The use of other medical services including other 
hospitalizations, physician office visits and antianginal 
therapy will be collected. Hospital charges are collected 
from the standard UB-82 billing form and from physi- 
cian charges from office bills. With use of medicare 
guidelines, cost estimates from these charges will be 
constructed. Indirect costs such as loss of income will 
also be estimated. This will be further studied with sen- 
sitivity analysis. By including initial costs associated 
with restenosis, and indirect costs into the model, a pic- 
ture of the full economic impact of restenosis, and po- 
tential cost saving by preventing it, will be created. Us- 
ing published data, a simulation to estimate cost savings 
up to 5 years will be performed.*®”? 

Procedures and documentation: All major policy 
decisions in the trial are the responsibility of the steer- 
ing committee, chaired by the principal investigator for 
the trial. The members of the steering committee in- 
clude the co-principal investigators, the site principal in- 
vestigators, the directors of the core laboratories, the 
biostatistician in charge, the clinical coordinator in 
charge, and the clinical monitors from Merck Research 
Laboratories. The original protocol was developed joint- 
ly by the Emory University investigators and Merck 
Research Laboratories. The principal investigator and 
each core laboratory report on progress through the tri- 
al to the steering committee. The steering committee 
also acts as a publication committee for the trial. Meet- 
ings of the steering committee are held at Emory Uni- 
versity Hospital when needed to discuss policy issues 
and on a biannual basis at national meetings. 

The data handling aspects of the trial are coordinat- 
ed by a registry advisory subcommittee (in consultation 
with Merck Research Laboratories) that reports to the 
steering committee. The principal investigator is chair- 
man of the registry committee; other members include 
the biostatistician in charge, the clinical coordinator, 
and the administrative director of the biostatistical coor- 
dinating center. This committee coordinates the flow of 
forms in detail including medical review and audit, data 
entry, and system checks and audits. The registry com- 
mittee is responsible for structuring of reports for the 
biostatistician to prepare for the data and safety moni- 
toring board. Merck Research Laboratories reviews and 
audits all clinical data at the clinical sites, core laborato- 
ries and at the biostatistical coordinating center while 
remaining unaware of treatment allocation. 

The data and safety monitoring board is responsible 
for the safe and ethical conduct of the trial. This is the 
only committee that is unblinded. Monthly reports are 
prepared by the study biostatistician. The principal in- 
vestigator is responsible to the data and safety monitor- 
ing board for discussing problems in recruitment, proto- 
col violations, safety concerns and concerns over the 
ethical conduct of the trial. The data and safety moni- 
toring board may stop the trial if any of issues become 
sufficiently critical as to interfere with its safe or effec- 
tive completion. No interim analysis is planned. 

The protocol was approved by the institutional re- 
view board at each site. A consent form was initially 
developed by Emory and Merck Research Laboratories 
and provided to each institution to adapt to the specific 
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requirements for that institution. The steering commit- 
tee and the sponsor have the right to approve changes to 
the protocol or informed consent of each site. 


APPENDIX 

Investigators: CLINICAL COORDINATING CENTER: Wil- 
liam S. Weintraub, MD (Principal Investigator), 
Charles L. Brown III, MD (Co-Principal Investigator), 
Spencer B. King III, MD (Co-Principal Investigator), 
R. Wayne Alexander, MD, PhD (Co-Principal Investi- 
gator), Caryn L. Cohen, RN, MN (Clinical Coordina- 
tor), Berverly Cormican, MBA (Administrator), Diane 
Owen (Research Coordinator), Patricia Schumacher 
(Administrative Assistant). 

MERCK RESEARCH LABORATORIES: Stephen J. Boc- 
cuzzi, PhD, Yale B. Mitchel, MD, Laurence J. Hirsch, 
MD (Clinical Monitors), Michael R. Melino, PhD, 
Olga P. Beattie, MS, Donna Gudel, Diane Plotkin PhD, 
Anne Tate (Medical Program Coordinators), Robert 
Zupkis, PhD (Biostatistics). 

DATA AND SAFETY MONITORING BOARD: W. Dallas 
Hall, MD (Chairman), Michael Kutner, PhD, Nelson 
Watts, MD, Robert Schlant, MD. 

BIOSTATISTICAL COORDINATING CENTER: Andrzej Ko- 
sinki, PhD (Director), Xudong Tao, MS (Data Ana- 
lyst), Fara Hicks (Administrative Director), Debbie 
Canup (Systems Manager), Philip Per-Lee (Computer 
Programmer). 

LIPID CORE LABORATORY: Ngoc-Anh Le, PhD (Princi- 
pal Investigator), James Howard, MD (Co-Principal 
Investigator), David Robbins, MD, Barbara Howard, 
MD, Virgil Brown, MD, Xianzhou Li, PhD, George 
Webb. 

ANGIOGRAPHIC CORE LABORATORY: J. Larry Klein, 
MD (Director), Charles Treasure, MD, Steven Manou- 
kian, MD, Sara Gatlin, MD. 

ELECTROCARDIOGRAPHIC CORE LABORATORY: J. Willis 
Hurst, MD (Director). 

THALLIUM CORE LABORATORY: Naomi Alazraki, MD 
(Director), Andrew Taylor, MD. 

EMORY UNIVERSITY HOSPITALS, ATLANTA, GEORGIA: 
Charles L. Brown, MD (Principal Investigator), Wil- 
liam S. Weintraub, MD, Spencer B. King III, MD, R. 
Wayne Alexander, MD, PhD, John S. Douglas, Jr, 
MD, Susan Kim, RN (Clinical Coordinator), Caryn L. 
Cohen, RN, MN, John Merlino, MD (Co-Principal In- 
vestigator for Crawford Long Hospital), Donna Wat- 
son, RN (Clinical Coordinator), Douglas C. Morris, 
MD, Henry A. Liberman, MD, Charles Treasure, MD 
(Co-Principal Investigator for Grady Hospital), J. 
Larry Klein, MD, Naomi Alazraki, MD (Thallium). 

FLORIDA HOSPITAL, ORLANDO, FLORIDA: Russell Ivan- 
hoe, MD (Principal Investigator and Thallium), Curtis 
Weaver, MD, Charles Curry, MD, William Willis, 
MD, Dianne Ross, RN (Clinical Coordinator). 

CHARLOTTE MEMORIAL HOSPITAL, CHARLOTTE, NORTH 
CAROLINA: John Cedarholm, MD (Principal Investigator 
and Thallium), Terry Tucker, RN (Clinical Coordina- 
tor), Elizabeth Porter, RN (Clinical Coordinator), 
Charles Simonton, MD. 

SAINT THOMAS HOSPITAL, NASHVILLE, TENNESSEE: Mar- 
shall Crenshaw, MD (Principal Investigator), David 


Hall, MD, Howard Walpole, MD, Mark Glazer, MD, 
Andre Churchwell, MD (Thallium), Jeannette Thomp- 
son, RN (Clinical Coordinator). 

BAYLOR HOSPITAL, DALLAS, TEXAS: Samuel J. De- 
Maio, MD (Principal Investigator), Robert L. Rosen- 
thal, MD, John R. Schumacher, MD, Jerrold M. Gro- 
din, MD, Stephen B. Johnston, MD, Jay Olen Franklin, 
MD, Bradley M. Leonard, MD, Allison Raich, RN 
(Clinical Coordinator). 

MEDICAL CENTER OF DELAWARE, WILMINGTON, DELA- 
WARE: Michael E. Stillabower, MD (Principal Investi- 
gator), Edward M. Goldenberg, MD, Andrew J. 
Doorey, MD, James West, MD, James T. Hopkins, 
MD, James W. Blasetto, MD, James M. Ritter, MD, 
Mark R. Zolnick, MD, Angela DiSabatino, RN (Clini- 
cal Coordinator), Sheri Feens, RN, (Clinical Coordina- 
tor). 

ALLEGHENY MEDICAL CENTER, PITTSBURGH, PENNSYLVA- 
NIA: John E. Frazier, MD (Principal Investigator), Mi- 
chael J. Pecora, MD, Neil Hart, MD, Rodney Randall, 
MD, Mark Greathouse, MD, Thomas C. Gay, MD, 
Don L. Fisher, MD, Jerome Granato, MD, Howard 
Grill, MD, Frank R. Begg, MD, Manuel Salvoza, MD, 
Angel Flores, MD, Douglas Schulman, MD, Judith E. 
Orie, MD (Thallium), Loretta Zahren, RN (Clinical 
Coordinator). 

WILLIAM BEAUMONT HOSPITAL, ROYAL OAK, MICHIGAN: 
William O’Neal, MD (Principal Investigator), Carol 
O’Neal, RN (Clinical Coordinator), Karen Beatty-Ken- 
nedy, RN (Clinical Coordinator). 

UNIVERSITY OF LOUISVILLE, LOUISVILLE, KENTUCKY: J. 
David Talley, MD (Principal Investigator), ZoeAnn 
Yussman, RN (Clinical Coordinator), Jean Corwin, 
RN (Clinical Coordinator). 

MINNEAPOLIS HEART, MINNEAPOLIS, MINNESOTA: Mi- 
chael Mooney, MD (Principal Investigator), Jodi Fish- 
man-Mooney, RN (Clinical Coordinator), Barbara 
Kummer (Clinical Coordinator). 
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Usefulness of Left Ventricular Size and Function 
in Predicting Survival in Chronic Dialysis 
Patients with Diabetes Mellitus 


Larry A. Weinrauch, MD, John A. D'Elia, MD, Ray E. Gleason, PhD, Linda A. Hampton, RN, 
Sherry Smith-Ossman, RN, Regis A. DeSilva, MD, and Richard W. Nesto, MD 





To identify patients at high risk for sudden death, 
a group of stable patients on maintenance dialysis 
with diabetes mellitus were studied for up to 135 
months to determine if there were clinical, labora- 
tory or echocardiographic predictors of high risk. 
Eighty-two patients on maintenance dialysis who 
underwent clinical, laboratory evaluation and 
echocardiography were enrolled and followed for 
a mean of 25 months for cardiac and noncardiac 
complications. Thirty-seven patients with normal 
wall motion and left ventricular (LV) internal diam- 
eter had a mean survival of 35.8 months; 28 pa- 
tients survived >12 months. Seven patients with 
normal LV wall motion and dilated LV cavities had 
a mean survival of 45.7 months; 7 patients sur- 
vived >12 months. Fifteen patients with abnormal 
LV wall motion and normal internal LV dimen- 
sions had a mean survival of 17 months; 7 pa- 
tients survived >12 months. Twenty-three pa- 
tients with both abnormal LV wall motion and di- 
lated LV cavities had a mean survival of 7.8 
months; 5 patients survived >12 months. Al- 
though echocardiographic abnormalities predicted 
cardiac mortality at 6 and 12 months, the combi- 
nation of an abnormal standard electrocardiogram 
at baseline, clinical history of angina pectoris, and 
prior documented myocardial infarction or conges- 
tive heart failure did not. When the study group 
was divided by mode or duration of dialysis, pres- 
ence or absence of diabetes, or use of cardioactive 
drugs, echocardiographic LV wall motion abnor- 
malities remained the most important determinant 
of survival. 

(Am J Cardiol 1992;70:300-303) 
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death in patients undergoing dialysis.!? Most 

deaths occur outside of the dialysis setting and 
have been ascribed to myocardial infarction, arrhyth- 
mias or the onset of low-output heart failure. To identi- 
fy patients at high risk for early death, we correlated 
history, clinical examination, laboratory parameters and 
echocardiographic assessment of cardiac anatomy and 
function with the clinical course of diabetic dialysis pa- 
tients during long-term follow-up. 


(ien in pa disease is the most frequent cause of 


METHODS 

Eighty-two patients undergoing chronic hemodialy- 
sis or peritoneal dialysis at the New England Deaconess 
Hospital were studied clinically and by echocardiogra- 
phy between April 1981 and March 1985 as part of a 
prospective study of apparently stable chronic dialysis 
patients, followed from the point of view of baseline car- 
diac function, use of cardioactive medications, and sub- 
sequent development of cardiac and noncardiac compli- 
cations for a period of <1 to 134 months (mean 25) 
after initial echocardiography. Echocardiograms were 
obtained during periods of cardiac stability. A detailed 
medical history obtained from each patient on entry in 
the study revealed that 77 (94%) were receiving antihy- 
pertensive medications, 50 (61%) needed cardioactive 
drugs (digitalis, nitrates, 8 blockers, calcium antagonists 
or several antiarrhythmics, or a combination), 43 (52%) 
were treated for congestive heart failure, 24 (29%) had 
reported angina pectoris, and 26 (32%) had a docu- 
mented myocardial infarction. There were 46 (56%) 
peritoneal dialysis and 36 (44%) hemodialysis patients 
in the study group. For most of the 46 patients on peri- 
toneal dialysis, this mode of dialysis had become the 
necessary alternative owing to poor vascular access for 
hemodialysis or to limited cardiac tolerance for repeated 
ultrafiltration several times weekly. 

Two-dimensional and M-mode echocardiograms 
were reviewed in a standard format by experienced 
echocardiographers who were unaware of all clinical as- 
pects of patients. Results were analyzed according to 2 
separate scoring systems. The first system gave a point 
for each of the following: dilated left atrium (24.1 cm), 
left ventricular (LV) hypertrophy (21.3 cm), dilated 
LV internal diameter in diastole (=5.7 cm), and abnor- 
mal regional or diffuse LV contraction pattern. We 
termed this system the “echo score” (0 to 4; Table I). 

The second system examined only the left ventricle 
for dilation (25.7 cm) in diastole and for its contraction 
pattern. Group A had normal LV wall motion with nor- 
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TABLE I Echocardiographic Data: Relation to Survival 


Survival 


1 Year 
(n, %) 


Mean 
(mo) 


Echo Score 


LV wall motion/internal diameter 
Normal/normal 
Normal/abnormal 
Abnormal/normal 
Abnormal/abnormal 


LV = left ventricle. 


mal LV internal diameter, group B had normal LV wall 
motion with dilated LV cavities, group C had abnormal 
LV wall motion with normal LV cavity size, and group 
D had abnormal LV wall motion with a dilated LV cav- 
ity. Survival data is noted from the time of the echocar- 
diogram, not from initiation of dialysis. The duration of 
dialysis before the echocardiogram was 0.25 to 245.0 
months (mean = 18.9; median = 9.2). 

Data analysis was performed using the Statistical 
Analysis System. Survival analysis was performed using 
the Lifetest Procedure of the Statistical Analysis Sys- 
tem. Chi-square test was used for qualitative data, and 
unpaired ż tests were used for quantitative data. Step- 
wise proportional hazards general linear model proce- 
dure, which fits the Cox proportional hazards linear re- 
gression model to a single dependent variable (survival), 
was used. Independent variables included age, sys- 
temic hypertension, abnormal standard electrocardio- 
gram, type of dialysis, and both previously defined echo- 
cardiographic scores. Cardiac death was defined as 
death from myocardial infarction or congestive heart 
failure or as sudden death in the absence of a noncar- 
diac cause. 


RESULTS 

Table I shows the prevalence of normal findings for 
each cardiac chamber examined as these relate to sur- 
vival at 12 months and cause of death during the study. 

The prevalence of normal findings in the right cham- 
bers and left atrium correlated with those in the left 
ventricle. The most powerful predictors of survival ap- 
peared to be LV wall motion (p <0.0001) and internal 
diameter (p <0.005). The relation between normal and 
abnormal LV thickness, left atrial size and survival was 
not significant. The “echo-score,” which included the 
measurements of left atrial size and LV wall thickness, 
had less predictive value than did the analysis of LV 
size and wall motion alone. 

Of patients surviving <12 months, 49% had normal 
LV size and 26% had normal LV motion. Of patients 
surviving >12 months, 74% had normal LV size (p 
<0.05) and 74% had normal LV motion (p <0.001). 
Survival to 12 months was 22% if both abnormalities 





Measurements (% abnormal) 


EEE 


LV Wall LV Wall LV Internal 
Thickness Motion Diameter 


Cardiac Death 
<1 year 


(n, %) Left Atrium 


were present, 47% if only wall motion was abnormal, 
100% in the presence of a dilated but normally contract- 
ing left ventricle, and 76% if the left ventricle was nor- 
mal by these measurements (p <0.001). When cause 
and timing of death were analyzed, it was apparent that 
LV internal diameter was abnormal in only 64% of pa- 
tients with cardiac death in <12 months compared with 
in no patient who experienced cardiac death in >12 
months (p <0.005). LV dilation was associated with de- 
creased longevity if accompanied by regional wall mo- 
tion abnormalities. However, dilation of the left ventri- 
cle in the presence of normal wall motion was not asso- 
ciated with decreased survival. Thickness of the LV wall 
did not appear to exert any influence on cause of death 
(51% abnormal in group with cardiac death, and 80% 
abnormal in group with noncardiac death). There was a 
significant difference in the surviving group, 71% of 
whom had abnormal wall thickness (p <0.01). 

Table I presents the survival characteristics of pa- 
tients grouped by echocardiographic LV internal diame- 
ter and wall motion analysis. Patients with abnormali- 
ties of both measurements were older as a group and 
survived a shorter period of time than the other groups. 
The incidence of cardiac death in <12 months was 
higher in the group with both cardiac abnormalities. 
Abnormal wall motion alone was associated with de- 
creased longevity. There were no statistically significant 
differences in the mean survivals of patients with non- 
cardiac deaths with respect to any echocardiographic 
measurement. There was no significant difference in the 
incidence of wall motion abnormalities when patients 
aged >55 years were compared with those aged <55. 
For both age groups, there were significant differences 
in median survival times in the presence or absence of 
wall motion changes (p <0.01 and 0.05, respectively). 
Although the older group had a shorter survival than 
the younger group, older subjects with normal wall mo- 
tion had a better median survival than did younger ones 
with LV wall motion changes. Although echocardio- 
graphic abnormalities predicted cardiac mortality at 6 
and 12 months, the combination of abnormal standard 
electrocardiogram at baseline and clinical history of an- 
gina pectoris, myocardial infarction or congestive heart 
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failure did not. The survival curves depicted in F igure | 
reveal the sharp decrease in survival when wall motion 
is abnormal. Other individual echocardiographic pa- 
rameters did not have the same influence on survival. 
The highly significant difference in survival is consistent 
whether patients were receiving hemo- or peritoneal di- 
alysis, administered cardioactive drugs or not, or main- 
tained on chronic dialysis for a short (<4 months) or 
long (24 months) period. 


DISCUSSION 

Our prior coronary angiographic study of diabetics 
with renal failure, approaching renal transplantation, 
demonstrated a significant shortening of survival in pa- 
tients with high-grade coronary stenoses.? 

In several studies,*© significant coronary artery ste- 
noses have been demonstrated in >50% of diabetic dial- 
ysis patients, even when asymptomatic. A subgroup of 
patients with normal coronary anatomy and abnormal 
LV function that appears to improve with transplanta- 
tion have a survival course similar to the group with 
normal LV function.’ Because several risks are associ- 
ated with cardiac catheterization in advanced renal dis- 
ease,® attempts have been made to assess the risk of 
cardiovascular events by easily available noninvasive 
means. Myocardial imaging with thallium-201 has re- 
vealed myocardial perfusion abnormalities in dialysis 
patients,’ but follow-up studies have not been per- 
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FIGURE 1. Survival distribution function for dialysis patients from time of 


wall motion, there was 


formed. Our recent experience indicates that ventricular 
asymptomatic arrhythmias are associated with a short- 
term high risk for cardiac mortality.!° Two recent re- 
ports demonstrated the value of annual echocardiogra- 
phy in nondiabetic dialysis patients, confirming the sig- 
nificant survival difference between poor (30%) and 
normal (90%) LV function at 2 years.!!!2 To our 
knowledge, this is the first study to relate baseline echo- 
cardiographic assessment of cardiac anatomy and func- 
tion to outcome in renal replacement therapy in a dia- 
betic group. 

The group of patients with abnormal LV wall mo- 
tion and, to a lesser extent, internal diameter abnormal- 
ities had a higher risk for cardiac death in <12 months. 
The extraordinary mortality rate in our highest risk 
group (78% at 12 months) was not matched by any sub- 
group of cardiac patients previously defined by coronary 
anatomy, ventricular function or clinical presentation. 
The most comprehensive study of a homogenous popu- 
lation with cardiomyopathy suggested that the presence 
of coronary artery disease worsened the prognosis.!3 In 
that group (which was older than ours) the mortality 
was also strikingly high. Whether the high mortality in 
our study is due to arrhythmias exacerbated by abnor- 
mal calcium or potassium homeostatic mechanisms, !4-!6 
digitalis glycosides,'°'6 LV hypertrophy,!7-!9 poor ven- 
tricular function,!320 or acetate versus bicarbonate dial- 
ysate,”! or is the result of a hypertrophic hyperkinetic 
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echocardiogram. Based on normal versus abnormal 
statistically significant difference in survival over 1 to 4 years (p <0.05). Based on left ventricular (L.V.) 
internal diameter or wall thickness, or left atrial (L.A.) dimensions, there were no differences in survival. 
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cardiomyopathy”? is not clear. It is difficult to attribute 
all of the excess mortality in our study to diabetes alone, 
because subjects with normal LV wall motion and size 
survive as long as nondiabetic dialysis subjects.7* We 
conclude that in diabetic dialysis patients,” the high 
mortality can be predicted by analysis of LV size and 
function. 

In this study there was a slightly increased long-term 
survival after 2 years in patients with LV hypertrophy 
(Figure 1) in contrast to the short-term findings for re- 
gional wall motion abnormalities and LV dilation. Pa- 
tients without LV hypertrophy may have muscle thin- 
ning due to prior infarctions with subsequent decreased 
longevity. Therefore, cardiac hypertrophy** may be 
a desirable compensatory mechanism in certain sub- 
groups (such as diabetics on chronic dialysis) that are 
substantially different from healthy?> or hypertensive” 
subjects in whom poor prognosis has been associated 
with hypertrophy. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Prospective Comparison of Biphasic and 
Monophasic Shocks for Implantable 
Cardioverter-Defibrillators Using 
Endocardial Leads 


Sanjeev Saksena, MD, Huanlin An, MD, Rahul Mehra, PhD, Paul DeGroot, MS, 
Ryszard B. Krol, MD, Edward Burkhardt, BS, Davendra Mehta, MD, PhD, and Thampi John, MD 


Bidirectional shocks using 2 current pathways 
have been used in endocardial lead systems for 
implantable cardioverter-defibrillators, but the op- 
timal shock waveform for endocardial defibrilla- 
tion is unknown. The clinical efficacy and electri- 
cal characteristics of bidirectional monophasic 
and biphasic shocks for endocardial cardiover- 
sion-defibrillation of fast monomorphic or poly- 
morphic ventricular tachycardia (VT), or ventricu- 
lar fibrillation (VF) were evaluated. Thirty-three 
patients (mean age 60 + 12 years, and mean left 
ventricular ejection fraction 34 + 13%) were stud- 
ied. Defibrillation catheter electrodes were lo- 
cated in the right ventricular apex and superior 
vena cava/right atrial junction. A triple-electrode 
configuration including the 2 catheter electrodes 
and a left thoracic patch was used to deliver bidir- 
ectional shocks from the right ventricular cathode 
to an atrial anode (pathway 1) and the thoracic 
patch (pathway 2). The shock waveforms exam- 
ined were sequential and simultaneous monopha- 
sic, and simultaneous biphasic. The efficacy of 
580 V (20 J) shocks for fast monomorphic VT 
were comparable for the 3 waveforms (73% for 
sequential monophasic, 73% for simultaneous 
monophasic, and 100% for simultaneous bi- 
phasic). However, for polymorphic VT and VF, 
580 V sequential monophasic shocks had a signifi- 
cantly lower efficacy (25%) than did simultaneous 
monophasic (75%; p = 0.01) or biphasic (89%; p 
<0.001) shocks. Single-shock defibrillation 
thresholds with simultaneous biphasic shocks 
were significantly lower (9 + 5 J) than were those 
with simultaneous monophasic shocks (15 + 4 J; p 
<0.02). Using paired identical shocks <550 V (18 
J), simultaneous biphasic shocks successfully ter- 
minated polymorphic VT and VF in 9 of 11 pa- 
tients in whom simultaneous monophasic shocks 
were previously ineffective (p <0.001). The mean 
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of New Jersey-New Jersey Medical School, Newark, the Arrhythmia 
& Pacemaker Service, the Eastern Heart Institute, Passaic, New Jer- 
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impedance in the right ventricular-atrial pathway 
was significantly lower than that in the right ven- 
tricular-patch pathway for both sequential and si- 
multaneous monophasic shocks. There was no 
correlation between impedance in each pathway 
and clinical outcome of shock delivery for this 
shock pattern. 

It is concluded that efficacy of bidirectional en- 
docardial shocks varies with shock waveform and 
induced arrhythmia. Simultaneous biphasic 
shocks enhance the efficacy and reduce the ener- 
gy needs of bidirectional shocks, and should be 
used in preference to monophasic shocks when im- 
plantable cardioverter-defibrillators are used with 
this endocardial lead system. 

(Am J Cardiol 1992;70:304-310) 


ventricular tachycardia (VT) and ventricular fi- 

brillation (VF) with endocardial shocks was re- 
cently demonstrated during acute and chronic evalua- 
tion.! This has usually needed use of a triple-electrode 
system permitting 2 current pathways and high-energy 
monophasic shocks. Two electrode systems permitting 
only 1 current pathway have not been used with signifi- 
cant success.*>’ Despite the use of triple-electrode con- 
figurations, reliable endocardial defibrillation may not 
be achieved in up to 30 to 40% of patients at 15 to 20 J 
with monophasic shocks.4-* Attempts to enhance effica- 
cy were previously focused on varying the electrode lo- 
cations, polarity and number. Absence of a uniformly 
accepted protocol has resulted in multiple and time-con- 
suming inductions of VF with prolonged endocardial 
implant procedures. Because the optimal energy wave- 
form for endocardial leads is presently unknown, we 
evaluated the use of different shock waveforms to 
achieve the same objective. For epicardial leads, orthog- 
onal sequential and biphasic shocks have been reported 
to have greater effectiveness.’ We report the results of 
endocardial cardioversion and defibrillation using se- 
quential and simultaneous monophasic, and biphasic 
shocks for termination of induced VT or VF using a 
new second-generation dual-catheter triple-electrode en- 
docardial lead system developed by Medtronic, Inc. 
(Minneapolis, Minnesota). 


i s uccessful termination of spontaneous and induced 


304 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 1, 1992 


METHODS 

Study patients: Patients enrolled in this study ful- 
filled the following selection criteria: (1) history of ei- 
ther spontaneous VT or unexplained syncope, and un- 
dergoing clinically indicated electrophysiologic evalua- 
tion; (2) presence of inducible, sustained VT or VF at 
electrophysiologic study; and (3) written informed con- 
sent for insertion of the investigational endocardial defi- 
brillation lead system and for the study protocol. 

Device description: The endocardial defibrillation 
lead system used 2 intravascular catheter electrodes and 
1 cutaneous thoracic patch electrode to achieve a triple- 
electrode configuration permitting dual-current path- 
ways. The ventricular bipolar electrode had a 10.5Fr 
lead body with a distal pace/sense active fixation screw- 
in electrode. Fifteen millimeters proximal to this elec- 
trode was a 5 cm long coil defibrillation electrode with a 
surface area of 5.49 cm2. This lead permitted integrated 
bipolar pacing and sensing using the distal and proximal 
electrode, whereas defibrillation shocks used the proxi- 
mal coil electrode alone. The atrial lead was a 6Fr tripo- 
lar lead with a distal coil defibrillation electrode 5 cm in 
length with a surface area of 2.83 cm’. Proximal to the 
defibrillation electrode were 2 ring electrodes for sens- 
ing. The cutaneous patch electrode (R2 Corp., Skokie, 
Illinois) had an electrode surface area of 50 cm?. 

Shocks were generated by a Medtronic model 2394 
external cardioverter-defibrillator that is capable of gen- 
erating 1 or 2 successive truncated exponential shocks. 
The duration of each individual shock was automati- 
cally determined using a 65% waveform tilt. Triple- 
electrode configurations included a right ventricular 
common cathode, and dual anodes in the superior vena 
cava/right atrium (pathway 1) and left thorax (path- 
way 2). Single or sequential shocks delivered through 
this electrode system achieved simultaneous or sequen- 
tial dual-current pathways. Furthermore, monophasic 
or biphasic energy delivery could be achieved. Delivered 
voltage and current in each pathway were monitored 
using a 3-channel storage oscilloscope. Delivered voltage 
and current were photographically recorded, and actual 
impedance was calculated. Three shock waveforms were 
used (i.e., sequential and simultaneous monophasic, and 
simultaneous biphasic; Figure 1). Sequential shocks 
comprised 2 equal voltage pulses delivered through 
dual-current pathways sequentially separated by a 
pulse duration of 0.2 ms. Simultaneous monophasic 
shocks comprised 1 pulse delivered through dual-cur- 
rent pathways simultaneously. Simultaneous biphasic 
shocks comprised 2 pulses of equal duration, which were 
also separated by a 0.2 ms delay before reversal of po- 
larity. The leading-edge voltage of the second reversed 
polarity pulse was equal to the trailing-edge voltage of 
the first pulse. The total capacitance used for all shocks 
was 120 uF. 

Study procedures: The catheter electrodes of the en- 
docardial defibrillation lead system were inserted during 
local anesthesia using a femoral or subclavian venous 
access. The ventricular lead was positioned and fixed in 
the right ventricular apex with fluoroscopic guidance, 
whereas the atrial lead was placed in the superior vena 


cava/right atrial junction. The cutaneous patch was po- 
sitioned in the left midaxillary line between the second 
and sixth intercostal spaces. Standard electrophysiologic 
techniques were used for induction of VT or VF.* The 
study protocol stratified induced VT based on rate and 
morphology. Fast VT had a cycle length <330 ms and 
included monomorphic ventricular flutter. VT was clas- 
sified as monomorphic or polymorphic based on sur- 
face electrocardiographic recordings on 3 frontal scalar 
planes. Standard electrocardiographic criteria for defi- 
nition of VF were used. All shocks were delivered dur- 
ing general anesthesia after the arrhythmia was sus- 
tained for 10 seconds. Fast VT or VF was initially treat- 
ed using a shock with a leading edge voltage of 580 V 
(stored energy 20 J). Random use of simultaneous and 
sequential monophasic shocks was initially performed. 
If the arrhythmia terminated, it was reinduced and the 
other monophasic waveform was tested. Subsequently, 
the simultaneous biphasic waveform was similarly test- 
ed. If successful VT or VF termination was achieved 
at the initial shock voltage, preselected decrements in 
shock voltage were used (i.e., 550 V [18 J], 500 V [15 
J], 410 V [10 J] and 290 V [5 J]), and the efficacy of 
each waveform was tested. Testing procedures were 
aborted at any stage based on the patient’s condition or 
monitoring data. At voltages of <550 V, a simultaneous 
monophasic shock was initially tested, and if it did not 
terminate or if it accelerated the tachycardia, a simulta- 
neous biphasic shock was used at the same energy level. 

Successful shock outcome was defined as termina- 
tion of VT or VF immediately (type I) or within 6 sec- 
onds (type II) of shock delivery. Failure was defined as 
inability to terminate VT or VF within 6 seconds of 
shock delivery. Acceleration was deemed to be present 
if VT cycle length decreased by <50 ms after shock 
delivery with a sustained tachyarrhythmia. 

Statistical analysis: Shock efficacy was analyzed 
separately for monomorphic fast VT and polymorphic 
VT/VF. All data are expressed as mean + SD. Data 
were analyzed using only 1 episode of each type of ar- 
rhythmia for an individual patient and a particular 
shock waveform. The 2-tailed ¢ test and chi-square test 
were used for the comparative analysis of single-shock 
efficacy at a given voltage or energy level between each 
shock waveform. The paired Student f test was used to 
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FIGURE 1. individual shock waveforms. Numbers represent 
individual pathways (1 = right ventricular-right atrial; 2 = right 
ventricular-patch) used for each pulse. 
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compare the impedance over each current pathway, and 
the unpaired test for cycle-length analysis. 


RESULTS 

Patients: Thirty-three patients (29 men and 4 wom- 
en, mean age 60 + 12 years) were enrolled in the study. 
Mean left ventricular ejection fraction was 34 + 13%. 
Twenty-five patients had coronary artery disease, and 8 
had dilated cardiomyopathy. VT episodes induced in- 
cluded 30 fast monomorphic VT, 13 polymorphic VT 
and 38 VF. Eleven patients with fast monomorphic VT 
episodes and 16 with polymorphic VT or VF episodes 
received sequential monophasic shocks. Fifteen patients 
with fast monomorphic VT episodes and 16 with poly- 
morphic VT or VF episodes received simultaneous 
monophasic shocks. Four patients with fast mono- 
morphic VT episodes and 19 with polymorphic VT or 
VF episodes were treated with simultaneous biphasic 
shocks. Only 1 episode per patient in each category was 
analyzed for a given shock waveform. 
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FIGURE 2. Efficacy of shocks with initial voltages of 580 V in 
fast ventricular 
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FIGURE 3. Efficacy of shocks with initial voltages of 580 V in 
all polymorphic ventricular tachycardias and ventricular fibril- 
lations. See Figure 2 for explanation of numbers and abbrevi- 
ations. 








Clinical efficacy: FAST MONOMORPHIC VENTRICULAR 
TACHYCARDIA: The mean tachycardia cycle length for - 
these induced episodes was 282 + 29 ms (range 250 to 
325) for sequential shocks, 277 + 36 ms (range 200 to 
330) for simultaneous monophasic shocks, and 309 + 
30 ms (range 265 to 330) for simultaneous biphasic 
shock events. There was no statistical difference in VT 
rates between the 3 groups. At the initial shock voltage 
of 580 V (20 J), sequential shocks converted 8 of 11 
patients (73%) with fast monomorphic VT episodes, 
whereas simultaneous monophasic shocks converted 11 
of 15 (73%) (p >0.05). Simultaneous biphasic shocks 
converted all fast monomorphic VT patients tested 
(Figure 2). 

POLYMORPHIC VENTRICULAR TACHYCARDIA AND VEN- 
TRICULAR FIBRILLATION: Figure 3 shows the results of all 
episodes of polymorphic VT and VF exposed to 3 differ- 
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FIGURE 5. Paired single-shock defibrillation thresholds in 9 
patients for monophasic and biphasic shocks performed in 
random sequence. In patients in whom exact thresholds were 
obtained, biphasic shocks had significantly lower defibrillation 
threshold. 
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ent shock patterns. Sequential shocks with initial volt- 
ages of 580 V (20 J) had a significantly lower efficacy 
(4 of 16 patients; 25%) than did equivalent simulta- 
neous monophasic (12 of 16; 75%; p= 0.01) and bi- 
phasic (17 of 19; 89%; p <0.001) shocks. In 13 patients, 
both sequential and simultaneous monophasic shocks 
could be tested at 580 V (Figure 4). Both sequential 
and simultaneous monophasic shocks succeeded in ter- 
minating paired episodes of VF in 4 patients and did not 
terminate paired episodes of induced VF in 3. In 6 pa- 
tients, induced VF was terminated by simultaneous 
monophasic shocks, but the paired episodes in the same 
patients could not be terminated by sequential shocks. 
There was no patient in whom VF could be terminated 
by sequential but not simultaneous monophasic shocks. 
This difference in efficacy (31 vs 77%) was statistically 
significant (p <0.05). 

Single-shock defibrillation thresholds were obtained 
for simultaneous monophasic and biphasic shocks in 9 
patients (Figure 5). Biphasic shocks had comparable or 
lower threshold values in 8 of 9 patients compared with 
monophasic shocks in patients in whom exact thresholds 
were available. The mean defibrillation threshold was 
15 +4 J for simultaneous monophasic shocks and 9 + 5 
J for simultaneous biphasic shocks (p <0.02). 

Comparison of simultaneous monophasic and bi- 
phasic shock efficacy could also be performed for 
shocks with an initial voltage <550 V (18 J). Figure 6 
shows the results of paired testing of simultaneous 
monophasic and biphasic shocks in 11 patients at identi- 
cal energy levels. In 9 of 11 patients (82%), biphasic 
shocks were successful at identical energy levels at 
which all simultaneous monophasic shocks had not 
successfully terminated the polymorphic VT or VF. 
This difference was statistically significant (p <0.001). 
Shock voltages used ranged from 290 V (5 J) to 550 V 
(18 J) in this analysis. 

ELECTRICAL CHARACTERISTICS OF SHOCK PATTERNS: 
Figure 7 shows the mean impedance in the individual 
current pathways for all sequential and simultaneous 
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FIGURE 6. Efficacy of monophasic and biphasic shocks with 
initial voltages <550 V in 11 patients with paired episodes of 
ventricular tachycardia or ventricular fibrillation. 
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significant (p <0.001). 


monophasic shocks during polymorphic VT and VF. 
The mean impedance for sequential shocks in pathway 
1 was 56 + 11 ohms and was significantly lower than in 
pathway 2 (66 + 14 ohms; p= 0.001). With simulta- 
neous monophasic shocks, the mean impedance for 
pathway 1 was 76 + 16 ohms and was significantly low- 
er than that for pathway 2 which was (95 + 22 ohms; p 
<0.01). The correlation of shock impedance with clini- 
cal outcome is shown in Figure 8. There are no differ- 
ences in the measured impedance in each pathway for 
sequential or simultaneous shocks between successful 
and unsuccessful polymorphic VT and VF termination. 


DISCUSSION 

Prototype endocardial catheter electrodes for im- 
plantable defibrillators used 1 dual-electrode catheter 
that demonstrated unreliable and high defibrillation 
thresholds and could reliably cardiovert only slow VT.!* 
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Prospective studies have shown significant limitations of 
this approach, particularly in patients with fast VT or 
VF.’ The inability to include the majority of left and 
right ventricular mass and the interventricular septum 
in the single-current pathway was thought to account 
for these observations.’ In 1985, we evaluated the use of 
a triple-electrode system permitting simultaneous dual- 
current pathways for cardioversion of fast VT and VF 
in humans.'°? Subsequently, use of large surface area 
catheter electrodes and a left thoracic patch electrode 
resulted in reliable endocardial cardioversion and defi- 
brillation in most patients with induced VT.!! Chronic 
use of this electrode configuration has been reported, 
and early clinical experience has supported widespread 
clinical investigation of this approach.?4 However, ap- 
proximately 30% of patients were unable to achieve reli- 
able defibrillation with this triple-electrode configura- 
tion at stored monophasic shock energies of 15 to 20 J.5 
To improve efficacy, we reported the use of multiple 
patch electrode locations and used a process of “patch 
mapping” in the left chest to select the optimal elec- 
trode position.* Alternative approaches have included 
repositioning of the right ventricular cathode, altering 
the interelectrode distance, changing the electrode sur- 
face area, and the use of alternative locations, such as 
the coronary sinus.'? Although each of these approaches 
has occasional advantages in selected patients, there 
have been no prospectively controlled data indicating 
the superiority of any 1 of these options over the config- 
uration used in this study. The patch position used in 
our laboratory (second to sixth intercostal space in the 
anterior to midaxillary line) may account for the higher 
efficacy rates for simultaneous monophasic shocks re- 
ported here than in other studies. This position corre- 
sponds to the left cardiac border and provides a spatial- 
ly more even distribution of current flow in both ventri- 
cles and the interventricular septum. The availability of 
a variety of options, none of which has prospectively de- 
fined patient candidates, has also resulted in the need 
for prolonged testing at implantation of endocardial 
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lead systems. This results in multiple VF inductions and 
endocardial shock deliveries, prolonged anesthesia time 
and implant procedures, all of which enhance patient 
risk and reduce tolerance for such procedures. 

To overcome these limitations, we investigated an 
alternative approach (i.e., the evaluation of different 
sheck waveforms in conjunction with a standardized 
electrode configuration). Monophasic shocks delivered 
simultaneously in dual-current pathways were used ex- 
clusively in the early studies. In this study, we investi- 
gated the use of monophasic shocks delivered sequen- 
tially in the 2 current pathways and biphasic shocks 
delivered simultaneously in both current pathways. Bi- 
phasic waveforms have been shown to need lower ener- 
gies for transthoracic and epicardial defibrillation. 13-14 
Experimental studies have suggested that the period of 
membrane dysfunction and electrical arrest induced by 
high energy shocks is abbreviated by biphasic wave- 
forms.'° Other explanations for these findings include 
improved field energy distribution and more even volt- 
age gradients in the intervening myocardium for a 
particular epicardial defibrillation electrode configura- 
tion.!6 The objective of more even and adequate voltage 
gradients for defibrillation can also be achieved by al- 
tering electrode location and design, as has been demon- 
strated for epicardial electrodes using contoured patch- 
es,17 

The results of this study demonstrate that sequential 
monophasic shocks when used in the specific triple-elec- 
trode configuration have inferior clinical results com- 
pared with those of simultaneous shocks. This is in con- 
trast to experimental studies where comparable efficacy 
was suggested and the use of orthogonal electrodes with 
this waveform actually enhanced efficacy.'® Data from 
epicardial human defibrillation studies performed in- 
traoperatively also suggested comparable efficacy. The 
differences in our clinical observations merit methodolo- 
gic and pathophysiologic comment. Methodologically, 
these differences are concealed when only certain in- 
duced arrhythmias (e.g., rapid monomorphic VT) are 


FIGURE 8. Correlation of impedance in in- 
dividual current pathways with clinical 


shocks for both waveforms. Pathways as 
in Figure 7. 
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tested. However, use of polymorphic VT or VF elicited 
differential efficacy. Pathophysiologic mechanisms can 
only be suggested. Because electrode location was con- 
trolled in each patient and similar observations were 
noted in paired and unpaired episodes of polymorphic 
VT and VF, the data imply that 1 possible explanation 
may be in the delivered current with each waveform. 
Instantaneous total delivered current at the onset of the 
simultaneous shock may be higher in some cardiac re- 
gions than in the sequential shock. Furthermore, use of 
a simultaneous shock across dual anodes may result in a 
more even energy field in the intervening myocardium 
than when sequential shocks are delivered to individual 
anodes. Further examination of this issue is warranted 
to corroborate the observations and investigate other po- 
tential mechanisms. 

Simultaneous monophasic shock efficacy was in 
the previously reported range for polymorphic VT and 
VF.!9 Biphasic simultaneous shocks showed a trend 
toward enhanced efficacy at shock voltages of 580 V 
in these arrhythmias. The data suggest that biphasic 
shocks can enhance the efficacy of endocardial defibril- 
lation by 2 methods; they can be effective in patients 
refractory to sequential monophasic shocks and in addi- 
tion, can further reduce defibrillation threshold and 
increase safety margins when compared with simulta- 
neous monophasic shocks, as has been observed for 
epicardial systems.'!??° Because concern has been ex- 
pressed that this safety margin may influence subse- 
quent sudden death rates in patients with these chroni- 
cally implanted lead systems, it appears that simulta- 
neous biphasic shocks are preferable as the initial 
shock waveform for endocardial application. Further- 
more, this waveform should increase the proportion of 
patients who are candidates for implantable endocardial 
defibrillation leads. It can abbreviate the testing proce- 
dures and reduce implant time for endocardial lead sys- 
tems. In their original report, Saksena et al* observed 
the need for a mean of 13 VF inductions and 22 endo- 
cardial shocks to optimize endocardial lead configura- 
tions at the time of cardioverter-defibrillator implanta- 
tion. The optimal endocardial defibrillation threshold 
obtained in that series was 18 + 5 J. Therefore, it can 
be clearly expected that biphasic waveforms will elimi- 
nate the need for such prolonged testing procedures and 
thus reduce patient risk. Ultimately, this will reduce the 
need for pulse generators with high energy shock out- 
put, and a smaller device size more suitable for a tho- 
racic implant location can be anticipated. 

The concept of using a different shock waveform as 
a primary option to enhance efficacy and safety rather 
than using other approaches (such as lead relocation) is 
debatable. The use of biphasic waveform has distinct 
advantages. Standard endocardial catheter electrode lo- 
cations that have proven to be effective and safe in car- 
diac pacing can be used. With the electrode configura- 
tion described in this study, reliable endocardial dual- 
chamber pacing and sensing is possible. Dual-chamber 
endocardial sensing has potential advantages in dis- 
crimination of supraventricular or ventricular tachy- 
arrhythmias for implantable cardioverter-defibrillators. 
Dual-chamber atrioventricular sequential pacing has 


hemodynamic advantages with respect to rate support 
and, potentially, patient survival from ventricular dys- 
function.2!:22 The use of coronary sinus locations may 
be associated with a higher incidence of lead dislodge- 
ment, need greater technical efforts for lead position- 
ing and have limited ability to separately discriminate 
sensed atrial and ventricular electrograms. Although oc- 
casionally used in cardiac pacing, this approach has not 
achieved widespread acceptance. Whereas there is no 
conclusive information to suggest that chronic shock de- 
livery in the coronary sinus is inherently unsafe, long- 
term data on shock safety and coronary sinus function 
are currently unavailable. 

Our data also provide (to our knowledge) the first 
published information of electrical characteristics of en- 
docardial dual-pathway shocks. The impedance mea- 
surements reported herein clearly show an increased im- 
pedance in the right ventricular-patch pathway com- 
pared with in the right ventricular-atrial pathway. This 
would selectively divert more current flow in the latter 
pathway during simultaneous shocks. Efforts at more 
optimal endocardial lead system design could seek to 
correct this inequity if this was deemed desirable based 
on defibrillation mechanism studies.'© Further analysis 
correlating efficacy with endocardial shock impedance 
indicates no significant differences between successful 
and unsuccessful shocks with respect to this parameter. 
This suggests that successful defibrillation is indepen- 
dent of endocardial pathway impedance in the energy 
ranges used in this study. This observation was noted 
for sequential and simultaneous shocks, as well as for 
biphasic shocks. Thus, endocardial defibrillation can be 
surmised to be not solely dependent on absolute energy 
and adds credence to the need for better spatial distri- 
bution. This, in turn, supports the need for development 
of further improved electrode designs. The mechanism 
of improved results with biphasic waveforms is also 
clearly unrelated to this electrical parameter. Our data 
could be interpreted to support experimental studies 
suggesting more beneficial membrane effects with bi- 
phasic waveforms as mediating their increased clinical 
efficacy. 

We conclude that biphasic waveforms should be 
used in implantable cardioverter-defibrillator pulse gen- 
erators in conjunction with this triple endocardial lead 
system. Clinical investigation of this approach is recom- 
mended to evaluate potential advantages in endocardial 
lead system selection, implant procedures and patient 
risk. This approach could substitute endocardial for epi- 
cardial lead systems in most implantable cardioverter- 
defibrillator recipients.” 


REFERENCES 

1. Zipes DP, Jackman WM, Heger JJ, Chilson DA, Browne KF, Naccarelli GV, 
Rahilly GT, Prystowsky EN. Clinical transvenous cardioversion of recurrent life- 
threatening tachyarrhythmias: low energy synchronized cardioversion of ventricu- 
lar tachycardia and termination of ventricular fibrillation in patients using a 
catheter electrode. Am Heart J 1982;103:789-794. 

2. Ciccone J, Saksena S, Shah Y, Pantopoulos D. A prospective randomized study 
of the clinical efficacy and safety of transvenous cardioversion for ventricular 
tachycardia termination. Circulation 1985;71:571-578. 

3. Saksena S, Parsonnet V. Implantation of a cardioverter /defibrillator without 
thoracotomy using a triple electrode system. JAMA 1988;259:69-72. 


EFFICACY OF BIPHASIC BIDIRECTIONAL ENDOCARDIAL SHOCKS 309 


4. Saksena S, Tullo NG, Krol RB, Mauro AM. Initial clinical experience with 
endocardial defibrillation using an implantable cardioverter /defibrillator with a 
triple electrode system. Arch Intern Med 1989;149:2333-2339. 

5. Bach SM Jr, Barstad J, Harper N, Mayer D, Moser S, Smutka M, Theis R, 
Wollins J. Initial clinical experience: Endotak-implantable transvenous defibrilla- 
tor system (abstr). J Am Coll Cardiol 1989;13:65A. 

6. McCowan R, Maloney J, Wilkoff B, Simmons T, Khoury D, McAlister H, 
Morant V, Castle L. Automatic implantable cardioverter-defibrillator implanta- 
tion without thoracotomy using an endocardial and submuscular patch system. J 
Am Coll Cardiol 1991;17:415-421. 

7. Mirowski M, Mower MM, Gott VL, Brawley RK. Feasibility and effectiveness 
of low energy catheter defibrillation in man. Circulation 1973;47:79-85. 

8. Chang M, Inoue H, Kallok MJ, Zipes DP. Double and triple sequential shocks 
reduce ventricular defibrillation threshold in dogs with and without myocardial 
infarction. J Am Coll Cardiol 1986;8:1393-1405. 

9. Waldo AL, Akhtar M, Brugada P, Henthorn RW, Scheinman MM, Ward 
DE, Wellens HJJ. The minimally appropriate electrophysiologic study for the 
initial assessment of patients with documented sustained monomorphic ventricu- 
lar tachycardia. J Am Coll Cardiol 1985;6:1174-1177. 

10. Saksena S, Calvo RA, Pantopoulos D, Gordon S, Gadhoke A. Simultaneous 
shocks for ventricular tachycardia cardioversion: effect of electrode position on 
efficacy (abstr). Clin Res 1986;34:341A. 

11. Saksena S, Luceri R, Tullo NG, Krol RB, Brownstein S, Singh S, Accorti P, 
Brewer G, Scott S, Burkhardt E, Callaghan F. Clinical efficacy and safety of a 
braided endocardial pacing and defibrillator lead system for ventricular tachycar- 
dia and ventricular fibrillation using monophasic and biphasic shocks (abstr). 
Circulation 1990;82:111-166. 

12. Bardy GH, Allen MD, Mehra R, Johnson G, Feldman S, Greene HL, Ivey 
TD. Transvenous defibrillation in humans via the coronary sinus. Circulation 
1990;81:1252-1259. 

13. Schuder JC, Gold JH, Stoeckle M, McDaniel WC, Cheung KN. Transtho- 
racic ventricular defibrillation in the 100 kg calf with symmetrical one-cycle 
bidirectional rectangular wave stimuli. JEEE Trans Biomed Eng 1983;30: 


415-422. 

14. Winkle RA, Mead RH, Ruder MA, Gandiani V, Buch WS, Pless B, Sweeney 
M, Schmidt P. Improved low energy defibrillation efficacy in man with the use of 
a biphasic truncated exponential waveform. Am Heart J 1989;117:122-127. 
15. Jones JL, Jones RE, Balasky G. Improved cardiac cell excitation with sym- 
metrical biphasic defibrillator waveforms. Am J Physiol 1987;253:H1418-1424. 
16. Tang AS, Yabe S, Wharton JM, Dolker M, Smith WM, Ideker RE. Ventric- 
ular defibrillation using biphasic waveforms: the importance of phasic duration. J 
Am Coll Cardiol 1989;13:207-214. 

17. Dixon EG, Tang AS, Wolf PD, Meador JT, Fine MJ, Calfee RV, Ideker RE. 
Improved defibrillation thresholds with large contoured epicardial electrodes and 
biphasic waveforms. Circulation 1987;76:1176-1184. 

18. Jones DL, Klein GJ, Kallok MJ. Improved internal defibrillation with twin 
pulse sequential energy delivery to different lead orientations in pigs. Am J 
Cardiol 1985;55:821-825. 

19. Saksena S, Mehta D, and the PCD investigators. Long term results of 
implantable cardioverter-defibrillators using endocardial and epicardial defibril- 
lation leads: a worldwide study (abstr). PACE 1992;15:505. 

20. Bardy GH, Ivey RD, Allen MD, Johnson G, Mehra R, Greene HL. A 
prospective randomized evaluation of biphasic vs monophasic waveform pulses on 
defibrillation efficacy in humans. J Am Coll Cardiol 1989;14:728-733. 

21. Reynolds DW, Wilson DF, Burow RD, Schaefer CF, Lazzara R, Thadani U. 
Hemodynamic evaluation of atrioventricular sequential versus ventricular pacing 
in patients with normal and poor ventricular function at variable rates and pos- 
tures. PACE 1983;6:A-80. 

22. Alpert MA, Curtis JJ, Sanfelippo JF, Flaker GC, Walls JT, Mukerhji V, 
Villarreal D, Katti SK, Madigan NP, Krol RB. Comparative survival after per- 
manent ventricular and dual chamber pacing for patients with chronic high degree 
atrioventricular block with and without preexistent congestive heart failure. J Am 
Coll Cardiol 1986;7:925-932. 

23. Saksena S, An H, Krol RB, DeGroot P, Mehra R, Mehta D, Burkhardt E, 
Kaushik R, Saxena A. Endocardial biphasic shocks have comparable efficacy to 
epicardial monophasic shocks for defibrillation (abstr). PACE 1992;15:566. 


310 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 1, 1992 


WELL, UH, 
JIM, MUST BE 
YOUR PUPILS my NEW NO YOUR 9. RAN VER 
ARE DILATED EYE DROPS AS ATED peda y 





J/M, 

YOUR NOSE VIM, IM NOT 
/S RED AND AIR GOING-T0 PREACH 
/RRITATED BUT... 





re a a 
Bi) EU BIN a ee A z 


inana 


Cocaine Does Real Medical Damage. 
Give Them the Facts. 


Drug abuse... 


You don’t have to preach about it...just teach about it. 
Partnership for a Drug-Free America eae 


A45 


INTRODUCING 


20mg tablets 





A NEW NITRATE FOR 
ANGINA PREVENTION 





Limo- (isosorbide mononitrate) 20 mgtablets 
BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION AND PATIENT INFORMATION, SEE PACKAGE CIRCULAR.) 


indications and Usage Ismo is indicated for prevention of angina pectoris due to coronary artery disease. 
The onset of action is not rapid enough for it to be useful in aborting an acute anginal episode. 


Clinical Pharmacology Isosorbide mononitrate is the major active metabolite of isosorbide dinitrate; most 
of the clinical activity of the dinitrate comes from the mononitrate. Ismo is not subject to first-pass 
metabolism in the liver and the absolute bioavailability of isosorbide mononitrate from Ismo tablets is nearly 
100%. The rate of clearance of Ismo is the same in healthy young adults, in patients with various degrees of 
renal, hepatic, or cardiac dysfunction, and in the elderly. 

Several well-controlled studies have demonstrated that active nitrates were indistinguishable from placebo 
after 24 hours (or less) of continuous therapy due to the development of tolerance. Only after nitrates are 
absent from the body for several hours is their antianginal efficacy restored. 


The drug-free interval sufficient to avoid tolerance to isosorbide mononitrate is not completely defined. The 
only regimen shown to avoid development of tolerance with isosorbide mononitrate involves two daily 
doses of Ismo tablets given 7 hours apart, so there is a gap of 17 hours between the second dose of each day 
and the first dose of the next day. Taking account of the relatively long half-life of isosorbide mononitrate this 
result is consistent with those obtained for other organic nitrates. 

The same twice-daily regimen of Ismo tablets successfully avoided significant rebound/withdrawal effects. 
In studies of other nitrates, the incidence and magnitude of such phenomena appear to be highly dependent 
upon the schedule of nitrate administration. 

Contraindications Allergic reactions are extremely rare, but do occur. Ismo is contraindicated in patients 
allergic to it. 

Warnings Because the effects of Ismo are difficult to terminate rapidly and have not been established in 
patients with acute myocardial infarction (MI) or congestive heart failure (CHF), this drug is not recom- 
mended in these patients. If Ismo is used in these patients, careful clinical or hemodynamic monitoring is 
required to avoid the hazards of hypotension and tachycardia. 


Precautions GENERAL Severe hypotension, particularly with upright posture, may occur with even small 
doses. Therefore, use with caution in patients who may be volume depleted or who are already hypotensive. 
Paradoxical bradycardia and increased angina pectoris may accompany Ismo-induced hypotension. 
Nitrates may aggravate angina caused by hypertrophic cardiomyopathy. 

INFORMATION FOR PATIENTS Tell patients they must carefully follow the prescribed dosing schedule (2 
doses taken 7 hours apart) to maintain the antianginal effect (eg, take first dose on awakening and second 
dose 7 hours later). 

Daily headaches sometimes accompany treatment with nitrates, including Ismo, and are a marker of drug 
activity. Patients with headaches should not alter their treatment schedule since loss of headache may be 
associated with simultaneous loss of antianginal efficacy. Headaches may be treated with aspirin and/or 
acetaminophen without affecting the antianginal activity of Ismo. 

Light-headedness on standing, especially just after rising from a recumbent or seated position, may occur. 
This may be more frequent in patients who have consumed alcohol. 

DRUG INTERACTIONS Vasodilating effects of Ismo may be additive with those of other vasodilators, 
especially alcohol. 


Marked symptomatic orthostatic hypotension has been reported when calcium channel blockers and 
organic nitrates were used in combination. Dose adjustments of either class of agents may be necessary. 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY No carcinogenic effects were 
observed in mice or rats exposed to oral Ismo, nor were adverse effects on rat fertility observed. 


No mutagenic activity was seen in in vitro or in vivo assays. 

PREGNANCY CATEGORY C Ismo has been shown to have embryocidal effects in rats and rabbits at doses at 
least 70 times the maximum human dose. There are no adequate and well-controlled studies in pregnant 
women. Use during pregnancy only if potential benefit justifies potential fetal risk. 

NURSING MOTHERS Excretion in human milk is unknown. Use caution if administered to a nursing woman. 
PEDIATRIC USE Safety and effectiveness have not been established. 

Adverse Reactions Frequency of Adverse Reactions (Discontinuations)* Occurring in >1% of Subjects 


IVE 6 Controlled U.S. Studies 92 Clinical Studies 
eee | Placebo 20 mg | varied) 
9% (0% 38% (9%) 19% (4.3% 

1% (0% 5% (1% 3% (0.2% 
<1% (0% 4% (3% 2% (0.2% 


*Some individuals discontinued for multiple reasons 


Fewer than 1% of patients reported each of the following (in many cases a causal relationship is uncertain): 
Cardiovascular; angina pectoris, arrhythmias, atrial fibrillation, hypotension, palpitations, postural hypo- 
tension, premature ventricular contractions, supraventricular tachycardia, syncope. Dermatologic; pru- 
ritus, rash. Gastrointestinal; abdominal pain, diarrhea, dyspepsia, tenesmus, tooth disorder, vomiting. 
Genitourinary; dysuria, impotence, urinary frequency. Miscellaneous; asthenia, blurred vision, cold 
sweat, diplopia, edema, malaise, neck stiffness, rigors. Musculoskeletal; arthralgia. Neurologic; agita- 
tion, anxiety, confusion, dyscoordination, hypoesthesia, hypokinesia, increased appetite, insomnia, ner- 
vousness, nightmares. Respiratory; bronchitis, pneumonia, upper respiratory tract infection. 

Rarely, ordinary doses of organic nitrates have caused methemoglobinemia in normal-seeming patients 
(See Overdosage). 


Overdosage The ill effects of overdosage are generally related to the ability of Ismo to induce vasodilation, 
venous pooling, reduced cardiac output and hypotension. Symptoms may include increased intracranial 
pressure, with any or all of persistent throbbing headache, confusion, and moderate fever; vertigo; palpita- 
tions; visual disturbances; nausea and vomiting (possibly with colic and even bloody diarrhea); syncope 
(especially with upright posture); air hunger and dyspnea, later followed by reduced ventilatory effort; 
diaphoresis, with the skin either flushed or cold and clammy; heart block and bradycardia; paralysis; coma; 
seizures and death. 


Serum levels have no role in managing overdose. The likely lethal dose in humans is unknown. 


There is neither a specific antidote to Ismo overdose, nor data to suggest a means for accelerating its 
elimination from the body; dialysis is ineffective. Hypotension associated with Ismo overdose results from 
venodilatation and arterial hypovolemia; therefore, direct therapy toward an increase in central fluid vol- 
ume. Use of arterial vasoconstrictors (eg, epinephrine) is likely to do more harm than good. In patients with 
renal disease or CHF, treatment of Ismo overdose may be difficult and require invasive monitoring. 


Methemoglobinemia has occurred in patients receiving other organic nitrates, and probably could occur as 
a side effect of Ismo. There are case reports of significant methemoglobinemia in association with moderate 
overdoses of organic nitrates. None of the affected patients had been thought to be unusually susceptible. 
Suspect the diagnosis in patients who exhibit signs of impaired oxygen delivery despite adequate cardiac 
output and adequate arterial p05. Classically, methemoglobinemic blood is chocolate Drown, without color 
change on exposure to air. The treatment of choice for methemoglobinemia is methylene blue, 1-2 mg/kg 
intravenously. 

DOSAGE AND ADMINISTRATION The recommended regimen of Ismo tablets is 20 mg (one tablet) twice 
daily, with the two doses given 7 hours apart. For most patients, this can be accomplished by taking the first 
dose on awakening and the second dose 7 hours later. This dosing regimen provides a daily nitrate-free 
interval to avoid the development of refractory tolerance (see Clinical Pharmacology). 


Well-controlled studies have shown that tolerance to Ismo tablets is avoided when using the twice daily 
regimen in which the two doses are given 7 hours apart. This regimen has been shown to have antianginal 
efficacy beginning 1 hour after the first dose and lasting at least 5 hours after the second dose. The duration 
(if any) of antianginal activity beyond 12 hours has not been studied; large controlled studies with other 
nitrates suggest that no dosing regimen should be expected to provide more than 12 hours of continuous 
antianginal efficacy per day. 

i a adjustments are not necessary in the elderly patients or in patients with altered renal or hepatic 
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Comparison of Decremental and Burst Overdrive 
Pacing as Treatment for Ventricular Tachycardia 
Associated with Coronary Artery Disease 


James R. Cook, MD, James B. Kirchhoffer, MD, Thomas F. Fitzgerald, BS, 
and Debra A. Lajzer, RN 


Several forms of antitachycardia pacing have been 


used successfully for terminating cardiac arrhyth- 
mias, and implantable devices now incorporate a 
tier of overdrive pacing for treating of ventricular 
tachycardia (VT). No consensus exists regarding 
the optimal mode of pacing therapy. Accordingly, 
a prospective, randomized, crossover study of an- 
titachycardia pacing was performed to analyze the 
effects of 2 decremental forms (10 and 5 ms) and 
a synchronized burst overdrive pacing mode on 
episodes of VT. Overdrive antitachycardia pacing 
was an effective therapy (78%) for terminating 
VT. Burst overdrive pacing and an autodecremen- 
tal pacing protocol, incorporating a 10 ms decre- 
ment, were found to be effective and comparable 
forms of therapy. Both of these pacing methods 
were superior in terminating VT when compared 
with a pacing scheme using a 5 ms coupling decre- 
ment (p <0.01). Tachycardia acceleration oc- 
curred in 6.4% of the episodes of VT. None of the 
pacing methods displayed a specific propensity for 
tachycardia acceleration, and no measure of 
tachycardia segments identified a predilection for 
pace terminability. Antitachycardia pacing is an 
effective therapy for VT and different pacing for- 
mulas have variable effects. Further, these effects 
appear to be independent of tachycardia cycle 
length and variability. 

(Am J Cardiol 1992;70:311-315) 
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threatening arrhythmia which often proves resis- 

tant to drug therapy.'* Previous studies have ap- 
plied several pacing methods effectively to terminate 
VT, including burst and decremental overdrive pac- 
ing.>4 Currently, there is no consensus as to what con- 
stitutes the optimal antitachycardia pacing modality. 
The present study was undertaken to analyze the rela- 
tive efficacy of 2 overdrive pacing modes on episodes of 
sustained VT. The study was designed to test the null 
hypothesis; namely, that the effects of decremental pac- 
ing would be no different from those imparted by burst 
pacing in the treatment of VT. Furthermore, several 
measures characterizing each ventricular arrhythmia 
were evaluated as well as the presence of antiarrhyth- 
mic drug therapy to determine any association with an 
improved likelihood of tachycardia termination.>* 


S ustained ventricular tachycardia (VT) is a life- 


METHODS 

Study subjects: The protocol involved patients re- 
ferred to the cardiac electrophysiology laboratory who 
had had an episode of syncope, sustained VT or were 
resuscitated from arrhythmic sudden cardiac death. Pa- 
tients were then included in the study if sustained 
monomorphic VT was inducible using programmed 
electrical stimulation and the arrhythmia was tolerated 
hemodynamically. 

Antitachycardia pacing device: The induction and 
attempted termination of all tachycardias was per- 
formed using an EP-2 clinical stimulator. The stimula- 
tion module contains the microprocessor circuitry that 
controls the intensity and duration of 2 isolated, con- 
stant-current outputs. The output stimuli can be syn- 
chronized to the electrocardiogram or other external 
signals. Fifteen stimulation protocols may be prepro- 
grammed into the EP-2 and are assigned to various 
function keys which may be activated at any time. The 
device was interfaced with a Gould cardiac electrophys- 
iology recording system that permitted the sensing of 
intracardiac signals. An internal clock provides timing 
and calculation of the sensed RR intervals. The system 
functions as a triggered mode pacer using any of the 
programmed stimulation protocols. 

Electrophysiologic study: Electrophysiologic testing 
was performed with patients in the postabsorptive state 
under diazepam sedation and 1% lidocaine anesthesia. 
Quadripolar pacing catheters (USCI) were inserted 
percutaneously and advanced, under flouroscopic guid- 
ance, to the right ventricle. Pacing threshold was consid- 
ered acceptable if it was <1.0 mA at a 2.0 ms pulse 
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TABLE I| Pacing Protocols 


Pacing 
Elements 







Mode Description 












ADOP 5/7 5 ms decrement, 7 beats 


ADOP 5/8 5 ms decrement, 8 beats. 

ADOP 5/9 5 ms decrement, 9 beats 
ADOP10 ADOP 10/7 10 ms decrement, 7 beats 

ADOP 10/8 10 ms decrement, 8 beats 

ADOP 10/9 10 ms decrement, 9 beats 
BURST BURST 90/8 90% TCL, 8 beats 

BURST 85/8 85% TCL, 8 beats 

BURST 80/8 80% TCL, 8 beats 


ADOP = automatic decremental overdrive pacing; BURST = burst overdrive pacing, 
no decrement; TCL = tachycardia cycle length. 





width. Programmed ventricular stimulation was then 
performed at 3 paced cycle lengths (600, 500, 400 ms) 
with up to 3 extrastimuli at a current strength of 2.0 
mA and 2.0 ms pulse width. Surface leads I, II and V; 
were recorded as well as an intracardiac electrogram 
which was filtered at 30 to 300 Hz (Gould ES2000). 
Signals were displayed on a monitor (Gould V20) and 
recordings made on paper using an electrostatic writer 
(Gould ES2000EW, 50 or 100 mm/s). Intracardiac 
electrograms were also input to the EP-2 for sensing 
capability. Sustained VT was reproduced whenever pos- 
sible. 

Antitachycardia pacing (Table I): The trial was de- 
signed as a prospective, randomized, crossover study in- 
vestigating 3 preprogrammed stimulation protocols. All 
antitachycardia pacing protocols delivered synchronized 
stimuli of 7.0 mA and 2.0 ms duration. Each of the 2 
autodecremental overdrive pacing protocols (ADOPS 
and ADOP10) contained 3 distinct pacing drive trains 
initially administering 7 stimuli with each successive 
train delivering an additional pulse to a maximum of 9, 
with progressive reductions between stimuli of either 5 
ms (ADOP5) or 10 ms (ADOP10). For example, if the 
unit sensed a tachycardia with a cycle length of 300 ms, 
ADOP10/7 would deliver 7 impulses with an initial in- 
terval of 300 ms and a final coupling interval of 240 ms. 
If the tachycardia continued, ADOP10/8 would then be 
used and 8 stimuli would be delivered with a final cou- 
pling interval of 230 ms. Finally, ADOP10/9 would be 
applied if the tachycardia continued (Figure 1). The 


iil AARIN 
| 


HN 





minimal pacing interval allowed was 200 ms. The burst 
overdrive pacing protocol (BURST) delivered 8 stimuli 
starting at 90% of the sensed tachycardia cycle length 
and was reiterated if necessary at 85% and then 80% of 
the sensed tachycardia cycle length. A random number 
generator (BASIC program) ensured that each pacing 
block was used initially with equal privilege. Pacing pro- 
ceeded from the first listed drive train in each block 
until the protocol was complete or the tachycardia was 
terminated. If the first pacing mode was unsuccessful in 
terminating the arrhythmia, the next block was chosen 
in random fashion and paced trains were delivered in 
sequence. This ordering was maintained until the ar- 
rhythmia ended or the patient was hemodynamically 
unstable. If none of the pacing modes were successful 
then the protocol was exited and other pacing maneu- 
vers or countershock were used. 

Tachycardia measurements: The mean tachycardia 
cycle length and standard deviation of that mean were 
obtained by manually measuring the intervals between 
the 10 intracardiac electrograms before to each pacing 
attempt. This measure of cycle length variability re- 
flects tachycardia stability.”* Also, to account for possi- 
ble changes in overdrive pacing efficiency due to pro- 
longed duration of a VT, the elapsed time period from 
the onset of each episode of VT to successful pacing 
attempts was measured and compared with the elapsed 
time preceding each unsuccessful pacing attempt. 

Statistical analysis: Results are expressed as mean 
+ 1 SD. Chi-square analysis with Yates’ correction was 
used where appropriate to compare termination effica- 
cy. Bartholomew’s test for increasing proportions was 
then applied to test for differences between the individu- 
al elements within each pacing mode.’ Analysis of vari- 
ance was performed to analyze continuous variables. 
Statistical significance was assumed for p values <0.05. 
Statistical analysis was performed using the SYSTAT 
statistical package and the STAT-SAK program from 
Gerard Dallal. 


RESULTS 

Patient characteristics (Table Il): Twenty-seven pa- 
tients (24 men and 3 women, mean age 62 + 9 years) 
were evaluated during the course of this study. Coro- 
nary artery disease was documented in each patient and 


ADOP 10/9 (see text). First line is surface 
(V3) and second line is intracardiac elec- 
trogram with the onset of pacing (arrow). 
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TABLE lf Patient Characteristics 


Pt. Age (yr) 
No. Sex 


Presenting 
Arrhythmia 


VT 
VT 
VT 
Syncope 


l 
2 
a 
4 
5 
6 
7 
8 


Syncope 
VT 
VT 
VT 
VT 
Syncope 
VT 
VT 
VT 
VT 


EF = ejection fraction; OOCHA = out of hospital cardiac arrest; VT = ventricular 
tachycardia. 





all had a prior myocardial infarction. The average ejec- 
tion fraction was 35 + 12%, with 4 of the 27 patients 
(15%) having a left ventricular aneurysm. Eleven pa- 
tients (41%) eventually required implantation of a car- 
dioverter defibrillator, 9 were treated with amiodarone, 
2 underwent endocardial resection, and 5 patients had 
successful electrophysiologically guided drug suppres- 
sion of the arrhythmia. 

Antitachycardia pacing (Table Ill): During the 110 
episodes of induced VT, 349 trials of overdrive pacing 
were attempted for tachycardia termination. Antitachy- 
cardia pacing was effective in terminating 78% (85 of 
110) of VT episodes in 93% (25 of 27) of patients in 
the study. The mean number of pacing attempts re- 
quired for pace-terminable episodes was 2.8 + 2 (range 
1 to 9). As initial therapy, both synchronized burst pac- 
ing (BURST = 77%) and the pacing scheme applying 
the 10 ms decrement (ADOP10 = 75%) were equally 
and considerably more efficacious than the protocol 
incorporating a 5 ms decrement (ADOPS5 = 27%, p 
<0.001) for terminating VT. 

The efficiency of individual elements (i.e., ADOPS/ 
7 versus ADOPS/8 versus ADOPS/9) within each re- 
spective pacing scheme was then analyzed to identify 
whether an increase in drive train stimuli (ADOP) or 
shorter coupling interval (ADOP and BURST) was as- 
sociated with a superior termination efficiency. This 
analysis did not reveal any significant trends for tachy- 
cardia termination (p = 0.6) within each of the 3 pac- 
ing modes. No individual element from ADOP/10 or 
BURST was distinctly superior for terminating VT. 










TABLE IlI Tally and Effects of Antitachycardia Pacing 


Mode ADOP5 ADOP10O BURST 


36 35 






Applied as initial therapy (n = 110) 39 

% success at VT termination 28 I5* 77* 
Total no. of applications (n = 349) 112 140 97 
% success/attempt at VT termination 11 o1* 877 
% acceleration of VT 02 03 02 

















*Significantly different from ADOP5 at p < 0.01 level. 
VT = ventricular tachycardia. 


TABLE IV Measures Obtained from the 10 Beats of Ventricular 
Tachycardia Before Each Pacing Episode (n = 349) 












Pace Terminable Pace Resistant p Value 












No. of episodes 85 264 

Cycle length (ms) 329 + 70 327 +79 0.8 
CLV (ms) 8+10 8+9 0.7 
Elapsed time (s) 48 + 49 49 + 46 0.6 







CLV = cycle length variability; Elapsed time = time from onset of the ventricular 
tachycardia to the pacing attempt. 






There were 7 episodes of tachycardia acceleration 
during this study (6.4%) that occurred after an average 
of 2.6 overdrive pacing attempts. Tachycardia accelera- 
tion resulted in hemodynamic collapse and required di- 
rect-current cardioversion in each instance. The cycle 
length of the 7 tachycardias that accelerated was 314 + 
51 ms, no different from the cycle length of the entire 
set. Two of the episodes were provoked by ADOP%, 3 
episodes by ADOP10, and 2 tachycardia accelerations 
resulted from BURST pacing (p = not significant). 

Tachycardia characteristics (Table IV): One hun- 
dred ten episodes of VT were initiated during the evalu- 
ation with an average cycle length of 328 + 77 ms. 
There was no significant difference between the mean 
cycle length of the tachycardias that were amenable to 
pacing (329 + 70 ms) and the cycle length of tachycar- 
dias resistant (327 + 79 ms) to overdrive pacing. Also, 
the cycle length variability of VT segments that termi- 
nated with pacing was 8.1 ms compared with 7.6 ms for 
episodes that were resistant to pacing (p = not signifi- 
cant). Finally, there was no difference in the average 
duration of episodes of VT that terminated with pacing 
when compared with resistant tachycardias. 

Antiarrhythmic drug therapy: Of the 349 pacing at- 
tempts, 137 were attempted in the drug-free control 
state and the remaining 212 attempts were performed 
in patients taking antiarrhythmic drugs. The average 
tachycardia cycle length was significantly longer (351 + 
79 vs 290 + 57 ms, p <0.01) with antiarrhythmic thera- 
py but there was no significant improvement in tachy- 
cardia conversion with any mode of overdrive pacing. 


DISCUSSION 

The demonstration of reliable cardioversion and de- 
fibrillation of sustained ventricular arrhythmias by an 
implantable cardioverter defibrillator!” and persistence 
of a relatively high operative mortality associated with 
subendocardial resection!'-!3 has rekindled interest in 
the electrical termination of these arrhythmias. Current 
technology incorporated in implantable cardioverter de- 
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fibrillators includes a tier of programmable antitachy- 
cardia pacing therapy for the treatment of VT. Previous 
investigations have established the use of antitachycar- 
dia pacing to terminate arrhythmias and decrease the 
frequency of cardioverting shocks delivered by an im- 
planted device.!*:!5 Most devices now allow program- 
ming of either burst or ramp overdrive pacing as thera- 
py to accommodate physician preference. To date, no 
prospective comparison has been made of these 2 forms 
of therapy. Fisher et al? used bursts of asynchronous 
rapid ventricular pacing (1 to 3 seconds in duration, 
40 to 50 beats/min faster than the tachycardia rate) in 
573 episodes of VT with an 89% conversion rate and 
only a 4% acceleration rate of the tachycardia. How- 
ever, tachycardia acceleration occurred in 43% of the 
patients evidencing the high rate of unpredictable side 
effects associated with this therapy, and other investiga- 
tors+® have not found such a high rate of tachycardia 
conversion using asynchronous overdrive burst pacing. 
In an attempt to improve tachycardia conversion and 
minimize acceleration, Ward et al!® evaluated an auto- 
decremental overdrive pacing method. The decremental 
method tends to avoid stimulation in the vulnerable pe- 
riod of the tachycardia cycle and results in stimulation 
at different phases of the tachycardia cycle length, 
which may maximize chances of terminating a reen- 
trant tachycardia. To test and advance this concept, 
Charos et al* used an autodecremental pacing system 
for the termination of VT obtaining a tachycardia con- 
version rate of 92% compared with a 56% success rate 
for asynchronous burst overdrive pacing. They found 
that decremental overdrive pacing was a safe and effec- 
tive method for terminating VT. However, in any given 
patient there was no significant advantage imparted by 
either of the 2 methods, nor was there any difference in 
termination efficacy identified when tachycardias with 
cycle lengths of <280 ms were included in the analysis.* 

The present study indicates that both synchronous 
burst overdrive pacing and an adaptive autodecremental 
pacing mode incorporating a 10 ms decrement are ac- 
ceptable and comparable methods for terminating he- 
modynamically stable VT. These 2 pacing modes are 
associated with a low risk of tachycardia acceleration 
when drive trains are limited to 9 beats. This impression 
was consistent whether the analysis was confined to the 
use of each pacing modality as initial therapy, actual 
efficacy per pacing attempt, or as therapy for the tachy- 
cardia episode as a whole. An autodecremental pacing 
scheme applying a 5 ms interstimulus decrement is sig- 
nificantly inferior for attempting pace termination of 
VT with no obvious reduction in adverse effects. 

The finding of comparable therapeutic efficiency for 
BURST and ADOP10 is interesting in light of the pre- 
viously noted theoretic advantages of autodecremental 
pacing (ADOP). Reentry involving a myocardial scar 
and a gap of excitable tissue is the presumed mecha- 
nism for most cases of sustained monomorphic VT.!7"!? 
Entrainment of VT with pacing stimuli has revealed a 
region of slow conduction. Decremental conduction with 
localized block has also been demonstrated.”°?! Altered 
conduction and block between the pacing site and the 
reentrant circuit may occur more substantially with 


decremental pacing due to the shorter final coupling in- 
tervals. The fluctuations in conduction and refractori- 
ness could effect penetration of the pacing impulse into 
the circuit and thus render theoretic speculations inef- 
fectual. Perhaps, in addition, simple burst pacing adds 
an element of stability to the “entrained” tachycardia, 
further increasing the homogeneity of depolarized tissue 
to improve tachycardia termination. 

Overall, neither the presence of antiarrhythmic drug 
therapy nor any characteristic of the induced tachycar- 
dias could be identified as a predictor of pace termina- 
bility. The tachycardia cycle length and cycle length 
variability were very similar to those described previous- 
ly’8. and did not affect overdrive pacing proficiency for 
tachycardia termination. Thus, tachycardia cycle length 
and cycle length variability, as measured in this study, 
does not appear to effect the tachycardia termination 
“window.” Interestingly, the time of tachycardia dura- 
tion did not appear to disturb tachycardia stability nor 
influence the effects of overdrive pacing on the arrhyth- 
mia. 
Study limitations: The number of stimuli in the 
ADOP protocol may have been insufficient to entrain 
and terminate the induced arrhythmia. In designing the 
study we decided on a mean number of 8 stimuli based 
on previous work‘? revealing that 83% of tachycardia 
episodes respond to <10 beats of overdrive pacing. The 
use of an increased number of stimuli in a decremental 
pacing protocol was shown not to increase VT termina- 
tion efficacy and was associated with an increased risk 
of tachycardia acceleration.?* Also, 5 and 10 ms decre- 
ments were selected because of prior data using 5 to 25 
ms beat-to-beat decrements (mean = 8 ms) displaying 
safe and reproducible tachycardia termination.* Atten- 
tion may also be given to deliver the first paced beat of 
ADOP at a fraction of the sensed tachycardia cycle 
length (i.e., 97%) rather than the actual cycle length in 
an effort to increase termination efficiency. The average 
cycle length of VT in this study was 327 ms and initiat- 
ing pacing at 97% of the tachycardia cycle length would 
have reduced the initial and final coupling interval by 
11 ms. If a decrease in drive train cycle length were 
effective, longer drive trains in the decremental proto- 
cols should have increased termination capability. In 
this study there was no evidence of this phenomenon. 
The lower coupling interval of 200 ms also restricts the 
fraction of the initial interval and the magnitude of dec- 
rement allowable within each pacing element. We also 
did not use any diastolic scanning with premature extra- 
stimuli after several previous studies revealed an inferior 
tachycardia conversion rate with this method.*® 

Clinical implications: The technology incorporated 
in newer implantable devices is progressing at a spectac- 
ular rate. The use of antitachycardia pacing requires a 
thorough knowledge of the capabilities and limitations 
of each therapeutic option. This prospective, random- 
ized, crossover study provides more data on overdrive 
pacing as an acceptable form of therapy for hemody- 
namically stable VT with a low risk of tachycardia ac- 
celeration. Overdrive pacing is not as successful as may 
be envisioned on a per attempt basis, and several pacing 
attempts are often necessary to terminate the arrhyth- 
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mia. Moreover, we were unable to identify any charac- 
teristics of the tachycardia that might identify pace-ter- 
minable arrhythmias. Further investigation is needed on 
the mechanisms involved in paced termination of VT 
and other characteristics (i.e., hemodynamic changes) 
that may improve identification of susceptible tachycar- 
dias. 


Acknowledgment: We gratefully acknowledge Med- 
tronic, Inc. for providing the programmable stimulator 


used in this study. 
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Establishment of Signal-Averaged 
Electrocardiographic Criteria with Frank XYZ 
Leads and Spectral Filter Used Alone and in 
Combination with Ejection Fraction to 
Predict Inducible Ventricular Tachycardia in 
Coronary Artery Disease 


Stephen C. Hammill, MD, Patrick J. Tchou, MD, Michael G. Kienzle, MD, 
W. Kenneth Haisty, MD, Yuko Ozawa, MD, and Donald A. Underwood, MD 


a ew i Sl E E N 
Signal-averaged electrocardiographic criteria are 
reported for corrected Frank XYZ leads and a 
spectral filter. The new criteria were used alone 
and in combination with ejection fraction to pre- 
dict inducibility of ventricular tachycardia (VT) at 
electrophysiologic testing. Signal-averaged elec- 
trocardiographic criteria were developed in 87 
control subjects and validated in 182 patients 
(aged 63 + 10 years) with coronary artery disease 
and QRS duration <118 ms. Patients underwent 
electrophysiologic testing in which up to 3 extra- 
stimuli were used during 2 paced drives from 2 
right ventricular sites. A positive finding was 
monomorphic VT lasting 30 seconds or needing 
intervention. An ejection fraction <40% was con- 
sidered abnormal. Signal-averaged electrocardio- 
graphic variables that best characterized control 
subjects and separated patients with and without 
inducible VT were filtered QRS duration <120 ms, 
low-amplitude signal duration <38 ms and root- 
mean-square voltage >20 „v. With these criteria, 
signal-averaged electrocardiographic and ejection 
fraction sensitivities were 87 and 45%, respec- 
tively, and specificities were 65 and 77%, respec- 
tively. Combining signal-averaged electrocardiog- 
raphy with ejection fraction improved the predic- 
tive accuracy. In conclusion, diagnostic criteria for 
signal-averaged electrocardiography with use of 
Frank XYZ leads and a spectral filter produced re- 
sults similar to those reported for use of bipolar 
XYZ leads and a Butterworth filter. Signal-aver- 
aged electrocardiography was a better predictor 
of VT than was ejection fraction. 
(Am J Cardiol 1992;70:316-320) 
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surface electrocardiogram is a high-resolution 

electrocardiographic technique to record and ana- 
lyze high-frequency, low-amplitude signals (late poten- 
tials).!-3 Late potentials correlate with inducibility of 
sustained monomorphic ventricular tachycardia (VT) 
by programmed ventricular stimulation in these pa- 
tients.4-!© Most criteria used to define late potentials 
from signal-averaged electrocardiography have been de- 
veloped through use of uncorrected bipolar XYZ lead 
signals processed by a bidirectional Butterworth fil- 
ter.!:8:11-16 This multicenter study was designed to (1) 
develop optimal criteria for detection of late potentials 
with the use of signal-averaged electrocardiography 
using Frank XYZ leads and a spectral filter, and (2) 
assess the accuracy of late potentials detected by signal- 
averaged electrocardiography in combination with ejec- 
tion fraction to predict inducibility of sustained mono- 
morphic VT in patients with known coronary artery dis- 
ease undergoing electrophysiologic assessment. 


S ignal averaging and high-pass filtering of the 


METHODS 

Patients: This study included 87 normal control sub- 
jects (33 women and 54 men, mean age 38 + 11 years) 
with a negative cardiovascular history, and a normal 
physical examination and electrocardiogram. No con- 
trol subject had >1 cardiac risk factor (diabetes, hyper- 
tension, hypercholesterolemia, cigarette smoking and 
family history of coronary artery disease). The study 
also included 182 patients (30 women and 152 men, 
mean age 63 + 10 years) with coronary artery disease. 
Patients were considered to have ischemic heart disease 
if they had either (1) a regional wall motion abnormali- 
ty (severe hypokinesia, akinesia or dyskinesia) that was 
documented by cardiac imaging or (2) a myocardial in- 
farction. History of myocardial infarction was defined 
as abnormal cardiac enzyme values, a significant Q 
wave on the electrocardiogram, or a regional wall mo- 
tion abnormality documented by cardiac imaging. Clin- 
ical characteristics of patients with coronary artery dis- 
ease are listed in Table I. Only patients with a standard 
12-lead electrocardiograph showing sinus rhythm and a 
QRS complex width <118 ms were included in the 
study. Patients receiving antiarrhythmic medications or 
with a pacemaker rhythm were excluded. Study sub- 
jects and patients gave informed consent, and the study 
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protocol was approved by appropriate institutional com- 
mittees. 

Ejection fraction measurement: Ejection fraction 
was measured by echocardiography, or radionuclide or 
left ventricular angiography. Left ventricular dysfunc- 
tion was defined as an ejection fraction <40%. 

Electrodes and electrocardiographic leads: Silver- 
silver chloride electrodes were used, and close attention 
was given to skin preparation to allow for a clear signal. 
A Frank XYZ lead configuration!” was used, with the 
limb electrodes (right and left legs) moved up and posi- 
tioned just above the pelvis. 

Instrumentation: High-resolution electrocardio- 
graphic equipment (model MAC-15, Marquette Elec- 
tronics, Milwaukee, Wisconsin) was used. The incoming 
signal from each lead was amplified (bandwidth 0.5 to 
300 Hz, and dynamic range +5 mv) and converted into 
a digital format (16-bit analog-to-digital converter; 1.22 
uv/bit) at a sampling rate of 1,000 samples/second/ 
channel. Digital data were aligned and averaged by 
the computer with a template recognition program to 
reject ectopic or excessively noisy beats. A continuous 
segment of 128 ms beginning from the QRS onset was 
used for template matching. Only QRS complexes with 
an equivalent correlation coefficient 20.97 were aver- 
aged. No notch filters were used on the raw data. Be- 
tween 200 and 250 beats were averaged per study. 

Signal processing: Averaged QRS complexes were 
filtered with a spectral filter having a high-pass frequen- 
cy of 40 Hz and a low-pass cutoff at 250 Hz. The spec- 
tral filter was implemented by the fast Fourier trans- 
form, as previously described.!8 Each lead of the aver- 
age complex was transformed by a forward fast Fourier 
transform. The resulting Fourier coefficients were at- 
tenuated by a transfer function to produce the desired 
band-pass characteristics. The filtered signals were ob- 
tained by an inverse fast Fourier transform of the atten- 
uated Fourier coefficients. Vector magnitude was com- 
puted from the filtered X, Y and Z lead signals as (X2 
+ Y? + Z?)'/2. QRS onset and offset were determined 
by a point >2 times the mean value of the noise detect- 
ed in the ST segment of the vector magnitude with visu- 
al confirmation.'® Noise level was measured at a point 
60 ms from the unfiltered QRS offset, where a window 
of 30 ms was defined; mean voltage in the vector magni- 
tude was measured in this window. Noise level was <1 





TABLE I Characteristics of Patients with Coronary Artery 
Disease 


63 + 10 


Age (yr) 
Sex (%) 
Men 
Women 
Indications for electrophysiologic study (%) 
Syncope 
Spontaneous ventricular tachycardia 


152 (84) 
30 (16) 


69 (38) 
55 (30) 
20 (11) 
29 (16) 
33 (18) 
22 (12) 
162 (89) 
87 (54) 
55 (34) 
28 (17) 
44+ 14 


Cardiac arrest 
Nonsustained ventricular tachycardia 
Palpitations 
Other 
Prior myocardial infarction (%) 
Anterior 
Inferior 
Other 
Ejection fraction (%) 


uv in all cases.'* The computer algorithm calculated fil- 
tered QRS duration, duration of high-frequency, low- 
amplitude signals <40 uv at the terminal QRS com- 
plex, and root-mean-square voltage in the terminal 40 
ms of the QRS complex.? 

Electrophysiologic testing: For all patients, adminis- 
tration of antiarrhythmic drugs was discontinued for 
4 half-lives before signal-averaged electrocardiograph- 
ic and electrophysiologic testing were performed. The 
programmed ventricular stimulation protocol consisted 
of delivering 1, 2 and 3 ventricular extrastimuli that 
scanned diastole during 2 paced drives of different cycle 
lengths, predominantly 600 and 400 ms from 2 right 
ventricular sites. A positive electrophysiologic study re- 
sult was defined as sustained monomorphic VT lasting 
30 seconds or needing termination because of hemody- 
namic compromise. A negative electrophysiologic study 
result was defined as the absence of any induced ven- 
tricular arrhythmia. Electrophysiologic studies resulting 
in nonsustained VT lasting 5 beats to 30 seconds, poly- 
morphic VT or ventricular fibrillation were not included 
in this study. 

Statistical analysis: For the control group, a com- 
parison of signal-averaged electrocardiographic vari- 
ables for subjects aged <40 years with those aged 240 
found no significant differences. Therefore, for the en- 
tire control group, the 85th, 90th and 95th percentile 
values were determined from frequency distributions of 


TABLE II Study Measurements for Control Subjects and Patients 


EP 


Control Negative 


No. of pts. 87 78 

Age (yr) 38 +11 62/11} 
50+ 15 
96+ 10 
114+ 10 
31's Fl 
38 + 20 
0.5+0.2 


Ejection fraction (%) — 


90 +9 
109 + 8 
31+8 
44 + 20 
0.4+0.1 


12-lead QRSD (ms) 
FQRSD (ms) 

LASD (ms) 

RMSV (wv) 

Noise (uv) 


EP Control vs 
Positive 


p Value 


EP Negative vs 
Positive 


Control vs 


EP Negative EP Positive 


EP = electrophysiologically; FQRSD = filtered QRS duration; LASD = duration of high-frequency, low-amplitude signals <40 uv at terminal QRS complex; NS = not significant; 
QRSD = QRS duration; RMSV = root-mean-square voltage in terminal 40 ms of QRS complex. 
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TABLE IIl Comparison of Ejection Fraction and 
Signal-Averaged Electrocardiographic Criteria* to Predict 

Ventricular Tachycardia at Electrophysiologic Testing in Patients 
with Coronary Artery Disease 





















Abnormal Positive Negative 
SAECG EF Sensitivity Specificity Predictive Predictive 
Criteria (%) (%) (%) Value (%) Value (%) 





(all patients) 
> > 40 90 74 76 90 
>1 <40 86 35 77 50 


22 (all patients) 73 83 85 70 
22 >40 79 84 82 82 
>2 <40 67 






(EF only) 45 


*Normal values: filtered QRS duration <120 ms; duration of low-amplitude, 
high-frequency signals <40 pv at terminal QRS complex <38 ms; and root-mean- 
square voltage in terminal 40 ms of QRS complex > 20 pv. 

EF = ejection fraction; SAECG = signal-averaged electrocardiographic. 


the 3 signal-averaged electrocardiographic variables. 
Furthermore, with use of the logistic regression proce- 
dure, the values that produced the greatest chi-square 
for separating patients with a positive electrophysiologic 
study from those with a negative one were assessed for 
each of the 3 variables. Data are presented as mean + 
SD. 


RESULTS 
Criteria development in control subjects: Study 
measurements for the control group are listed in Table 
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1 of 3 Variables 
90 


70 


Sensitivity, specificity, PPV, NPV, % 
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FQRSD (msec) 


Percentile (%) asth | 90th | 


adna | | = | « 
wwo | s | = | 6 


II. There were no significant differences between 36 
normal subjects aged 240 years (mean 49 + 7) and 51 
younger ones (mean age 30 + 5 years). The 90th per- 
centile values determined from the distribution frequen- 
cy of the 3 variables in control subjects provided the 
best values for sensitivity and specificity, and resulted in 
the following definitions of normal: filtered QRS dura- 
tion <120 ms, low-amplitude signal duration <38 ms 
and root-mean-square voltage >20 uv (Figure 1). 

Signal-averaged criteria in patients with coronary 
artery disease: One hundred eighty-two patients with 
coronary artery disease underwent electrophysiologic 
testing (Table I). Table II lists the mean levels for 
the signal-averaged electrocardiographic variables and 
shows that patients who were electrophysiologically pos- 
itive had significantly longer filtered QRS and low-am- 
plitude signal durations, and lower root-mean-square 
voltage than did those who were electrophysiologically 
negative; all values were significant (p <0.001). 

With use of the logistic regression procedure, the 
points that produced the greatest chi-square for separat- 
ing patients with and without inducible sustained VT 
resulted in values for each of the 3 variables identical to 
the 90th percentile values of control subjects. 

The criteria for abnormality of the 3 signal-averaged 
electrocardiographic variables were filtered QRS dura- 
tion 2120 ms, low-amplitude signal duration 238 ms 
and root-mean-square voltage <20 uv. Table III lists 
the sensitivity, specificity, and positive and negative pre- 
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FIGURE 1. The 35th, 90th and 95th percentile values for control subjects determined from frequency distribution of 3 signal- 


averaged electrocardiographic (SAECG) variables. A, relation of 
tive predictive value (NPV) if 1 of 3 SAECG variables is abnormal. 
predictive value and specificity improve when 2 rather than 1 SAECG variable is used to define late 


j , positive predictive value (PPV) and nega- 
B, relation if 2 of 3 SAECG variables are abnormal. Positive 
FQRSD = filtered 


potentials. 
QRS duration; LASD = duration of low-amplitude, high-frequency signals <40 „v at terminal QRS complex; RMSV = root-mean- 


square voltage in terminal 40 ms of QRS complex. 
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dictive values of the signal-averaged electrocardiograph- 
ic variables in identifying patients with inducible mono- 
morphic VT when 1 or 2 of 3 criteria are needed. 

Ejection fraction to predict ventricular tachycardia: 
Left ventricular ejection fraction and signal-averaged 
electrocardiographic variables were both independent 
predictors of VT inducibility (Figure 2 and Table III). 
The significance levels from logistic regression analysis 
were 0.0001 for signal-averaged electrocardiographic 
variables and 0.05 for ejection fraction. Furthermore, 
ejection fraction was less sensitive and specific than was 
signal-averaged electrocardiography (Table III). Pa- 
tients with an ejection fraction 240% had a 47% risk of 
inducible VT. 

Signal-averaged electrocardiographic criteria in 
combination with ejection fraction: The effect on pre- 
dictive accuracies of combining ejection fraction with 
signal-averaged electrocardiography is shown in Table 
III and Figure 2. The highest positive predictive value 
(88%) was observed in patients who had >2 abnormal 
signal-averaged electrocardiographic criteria and an 
ejection fraction <40%, and the highest negative pre- 
dictive value (90%) was observed in patients with nor- 
mal signal-averaged electrocardiographic criteria and 
an ejection fraction 240%. 


DISCUSSION 

The signal-averaged electrocardiographic criteria in 
this study were developed with Frank XYZ recording 
leads and a spectral filter. The best criteria to define 
normal subjects and separate patients with coronary ar- 
tery disease who did and did not have inducible VT 
were filtered QRS duration <120 ms, low-amplitude 
signal duration <38 ms and root-mean-square voltage 
>20 pv. 

Comparison with previous signal-averaged electro- 
cardiographic criteria: The important, pioneering work 
by Simson? reported criteria developed with uncorrected 
bipolar XYZ leads and a bidirectional 25 Hz Butter- 
worth filter. More recent studies indicated that the 40 
Hz filter provides improved sensitivity and reproducibil- 
ity.'5!9 Gomes et al,!319 using a 40 Hz bidirectional 


FIGURE 2. Risk of induction of sustained 
ventricular tachycardia 
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ography to predict electrophysiologic re- 
sults. SA-ECG = signal-averaged electro- 
cardiographic. 


Butterworth filter, uncorrected bipolar XYZ leads and 
data from 25 normal subjects, determined optimal crite- 
ria to identify late potentials. Their criteria for late po- 
tentials were filtered QRS duration >114 ms, low-am- 
plitude signal duration >38 ms and root-mean-square 
voltage <20 uv. Denes et al,!> using a system with un- 
corrected bipolar XYZ leads and a 40 Hz Butterworth 
filter in 42 normal subjects, determined that late poten- 
tials were identified by filtered QRS duration >120 ms, 
low-amplitude signal duration >38 ms and root-mean- 
square voltage <20 uv, values similar to those identified 
by the current study. 

Use of signal-averaged electrocardiography to pre- 
dict ventricular tachycardia: The value of late poten- 
tials detected by signal-averaged electrocardiography to 
predict VT at electrophysiologic testing, as reported by 
other investigators,'*!° is reinforced by this study. Win- 
ters et al,!6 using an electrophysiologic protocol similar 
to that reported in this study, performed signal-aver- 
aged electrocardiography and electrophysiologic testing 
in 27 subjects with prior myocardial infarction and 
high-grade ventricular arrhythmias. Signal averaging 
used uncorrected bipolar leads with a 40 Hz Butter- 
worth filter. If >1 signal-averaged electrocardiographic 
criterion was abnormal, the sensitivity was 91% and the 
specificity 56%. If 22 criteria were abnormal, the sensi- 
tivity was 73% and the specificity 82%, results similar to 
those in the current study. These studies indicate that 
the signal-averaged electrocardiogram is effective in 
predicting patients with coronary artery disease at risk 
for sustained VT induced at the time of electrophysio- 
logic testing. 

Ejection fraction in combination with signal-aver- 
aged ic criteria: This study demon- 
strates that combining the knowledge of left ventricular 
function with detection of late potentials by signal-aver- 
aged electrocardiography improves the positive and neg- 
ative predictive accuracy for identifying patients at risk 
of sustained VT during electrophysiologic testing, a 
finding reported by other investigators.4-7!! Ejection 
fraction alone was not as useful as signal-averaged elec- 
trocardiography for identifying patients at risk for VT. 


EF >40% 
E3 EF <40% 


0 
Number of abnormal SA-ECG criteria 
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Other studies have also found that signal-averaged elec- 
trocardiography is more accurate than is knowledge of 
ventricular function for identifying patients at risk of 
VT, although the 2 tests are additive.'!:'° 

Frank XYZ leads: Denniss et al!° reported on the use 
of Frank leads with filtering of 0.05 to 500 Hz and visu- 
al interpretation. The Frank leads are a corrected sys- 
tem of orthogonal surface electrocardiographic leads 
and, unlike bipolar uncorrected XYZ leads, take into 
account the asymmetrical location of the heart in the 
thoracic cage and the nonuniform attenuation of the 
cardiac potentials as they propagate to the body sur- 
face.!7 Furthermore, the position of the chest electrodes 
is not as critical with the Frank system as it is with 
other orthogonal lead systems.”° Cain et al?! recently 
stated that Frank orthogonal leads have several bio- 
physical advantages over uncorrected bipolar leads, in- 
cluding a more accurate representation of the spatial 
distribution of the electrocardiographic signals of inter- 
est, because Frank XYZ leads take into account the 
shape of the torso. 

- Spectral filter: Bidirectional Butterworth and spec- 
tral filters are frequently used for filtering signal-aver- 
aged electrocardiegraphic signals for detection of late 
potentials. Both filters have merits and drawbacks, and 
no one method of filtering is best.2? Used bidirectional- 
ly, the Butterworth filter is excellent for detecting the 
end of the QRS complex, but it is not suitable for ob- 
taining accurate measurements of the root-mean-square 
amplitude or energy in the major waves of the QRS 
complex, according to Lander and Berbari.2* The spec- 
tral filter can be designed to have a well-defined fre- 
quency response and can attenuate the ST segment, but 
it will prolong the duration of the QRS complex and P 
wave. Christenson et al!8 used common algorithms for 
filtered QRS delineation and extraction of measure- 
ments to compare the performance of the spectral and 
bidirectional Butterworth filters on the same signal-av- 
eraged data from 59 patients. They found that the val- 
ues of filtered QRS duration were longer by 10 ms with 
the spectral filter, whereas the values of low-amplitude 
signal duration and root-mean-square voltage were sim- 
ilar with both filters. 
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USE IN PREGNANCY 
When used in pregnancy during the second and third trimesters, ACE 
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It sy be used alone or in combination with thiazide diuretics. 

n using ALTACE, consideration should be given to the fact that another angio- 
tensin converting enzyme inhibitor, captopril, has caused agranulocytosis, particu- 
larly in patients with renal impairment or collagen-vascular disease. Available data are 
insufficient to show that ALTACE does not have a similar risk. (See WARNINGS.) 


CONTRAINDICATIONS: ALTACE is contraindicated in patients who are hypersen- 
sitive to this product and in patients with history of angioneurotic edema. 


WARNINGS: Angioedema: M ar of the face, extremities, lips, tongue, 
glottis, and larynx has been reported in patients treated with angiotensin converting 
enzyme inhibitors. Angioedema associated with laryngeal edema can be fatal. If 
aoe stridor or angioedema of the face, tongue, or glottis occurs, treatment with 
ALTACE should be discontinued and appropriate therapy instituted immediately. 
Where there is involvement of the tongue, glottis, or larynx, likely to cause 
airway obstruction, appropriate therapy, e.g., subcutaneous epinephrine 
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ADVERSE REACTIONS.) 


Hypotension: ALTACE can cause symptomatic hypotension, after either the initial 
dose or a later dose when the dosage has been increased. Like other ACE inhibitors, 
ramipril has been only rarely associated with hypotension in uncomplicated hyper- 
lensive patients. Symptomatic hypotension is most likely to occur in patients who 
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dietary salt restriction, dialysis, diarrhea, or vomiting. Volume and/or salt depletion 
should be corrected before initiating therapy with ALTACE. 

In patients with congestive heart failure, with or without associated renal insuf- 
ficiency, ACE inhibitor therapy may cause excessive hypotension, which may be 
associated with oliguria or azotemia and, rarely, with acute renal failure and death. In 
such patients, ALTACE therapy should be started under close medical supervision; 
they should be followed closely for the first 2 weeks of treatment and whenever the dose 
of ramipril or diuretic is increased. 

If hypotension occurs, the patient should be placed in a supine position and, if 
necessary, treated with intravenous infusion of physiological saline. ALTACE treat- 
ment usually can be continued following restoration of blood pressure and volume. 


Neutropenia/Agranulocytosis: Another angiotensin converting enzyme inhibitor, 
captopril, has been shown to cause agranulocytosis and bone marrow depression, 
rarely in uncomplicated patients, but more frequently in patients with renal impair- 
ment, especially if they also have a collagen-vascular disease such as systemic lupus 
erythematosus or scleroderma. Available data from clinical trials of ramipril are 
insufficient to show that ramipril does not cause agranulocytosis at similar rates. 
Monitoring of white blood cell counts should be considered in patients with collagen- 
vascular disease, especially if the disease is associated with impaired renal function. 


Fetal/Neonatal Morbidity and Mortality: ACE inhibitors can cause fetal and 
neonatal morbidity and death when administered to pregnant women. More than 100 
cases have been reported in the world literature. When pregnancy is detected, ACE 
inhibitors should be discontinued as soon as possible. 

The use of ACE inhibitors during the second and third trimesters of pregnancy has 
been associated with fetal and neonatal injury, including hypotension, neonatal skull 
hypoplasia, anuria, reversible and irreversible renal failure, and death. pet baa 
has also been reported, presumably resulting from decreased fetal renal function; 
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and fetuses are exposed to ACE inhibitors only during the first trimester should be so 
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every effort to discontinue the use of ALTACE as soon as possible. 

Rarely probably less often than once in every thousand pregnancies), no alterna- 
tive to ACE inhibitors will be found. In these rare cases, the mothers should be 
Pali of the potential hazards to their fetuses, and serial ultrasound examination 
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considered lifesaving for the mother. Contraction stress testing (CST), a non-stress 
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dramnios may not be apparent until after the fetus has sustained irreversible injury. 
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artery stenosis, increases in blood urea nitrogen and serum creatinine may occur. 
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Evaluation of the hypertensive patient should always include assessment 
of renal function. 


Hyperkalemia: In clinical trials, hyperkalemia (serum potassium greater than 5.7 mEq/ 
L) occurred in approximately 1% of hypertensive patients receiving ALTACE. In most 
cases, these were isolated values, which resolved despite continued therapy. None of 
these patients was discontinued from the trials because of hyperkalemia. Risk factors 
for the development of hyperkalemia include renal insufficiency, diabetes mellitus, 
and the concomitant use of potassium-sparing diuretics, potassium supplements, 
and/or potassium-containing salt substitutes, which should be used cautiously, if at 
all, with ALTACE. (See DRUG INTERACTIONS.) 


Cough: Cough has been reported with the use of ACE inhibitors. Characteristically, 
the cough is nonproductive, persistent and resolves after discontinuation of therapy. 
eet yr cough should be considered as part of the differential diagnosis 


Impaired Liver Function: Since ramipril is primarily metabolized by hepatic esterases 
to its active moiety, ramiprilat, patients with impaired liver function could develop 
markedly elevated plasma levels of ramipril. No formal pharmacokinetic studies have 
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Surgery/Anesthesia: \n patients undergoing surgery or during anesthesia with agents 
that produce hypotension, ramipril may block angiotensin II formation that would 
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as a result of this mechanism can be corrected by volume expansion. 
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Suggesting angioedema (swelling of face, eyes, lips, tongue, or difficulty in breathing) 
and to take no more drug until they have consulted with the prescribing physician. 
Symptomatic Hypotension: Patients should be cautioned that lightheadedness can 
occur, especially during the first days of therapy, and it should be reported. Patients 
should be told that if syncope occurs, ALTACE™ (ramipril) should be discontinued 
until the physician has been consulted. 

All patients should be cautioned that inadequate fluid intake or excessive 
perspiration, diarrhea, or vomiting can lead to an excessive fall in blood pressure, with 
the same consequences of lightheadedness and possible syncope. 


Hyperkalemia: Patients should be told not to use salt substitutes containing potas- 
sium without consulting their physician. 

Neutropenia: Patients should be told to promptly report any indication of infection 
(e.g., sore throat, fever), which could be a sign of neutropenia. 


Pregnancy: Female patients of paca yes fle a a 
of second- and third-trimester exposure to ACE inhibitors, and they should also be told 
that these con: do not appear to have resulted from intrauterine ACE- 
inhibitor exposure that has been limited to the first trimester. These patients should 
also be asked to report pregnancies to their physicians as soon as possible. 


Drug Interactions: With Diuretics: Patients on diuretics, especially those in whom 
diuretic therapy was recently instituted, may occasionally experience an excessive 
reduction of blood pressure after initiation of therapy with ALTACE. The possibility of 
hypotensive effects with ALTACE can be minimized by either discontinuing the diuretic 
or increasing the salt intake prior to initiation of treatment with ALTACE. If this is not 
possible, the starting dose should be reduced. 


With Potassium Supplements and Potassium-Sparing Diuretics: ALTACE can at- 
tenuate potassium loss caused by thiazide diuretics. Potassium-sparing diuretics 
(spironolactone, amiloride, triamterene, and others) or potassium supplements can 
increase the risk of hyperkalemia. Therefore, if concomitant use of such agents is 
indicated, they should be given with caution, and the patient's serum potassium should 
be monitored frequently. 


With Lithium. Increased serum lithium levels and symptoms of lithium toxicity have 
been reported in patients receiving ACE inhibitors during therapy with lithium. These 
drugs should be coadministered with caution, and frequent monitoring of serum 
lithium levels is recommended. If a diuretic is also used, the risk of lithium toxicity 
may be increased. 


Other: Neither ALTACE nor its metabolites have been found to interact with food, 
digoxin, or antacid. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No evidence of a 
tumorigenic effect was found when ramipril was given by gavage to rats (up to 500 mg/ 
kg/day for 24 months) or to mice (up to 1,000 mg/kg/day for 18 months). Dosages 
greatly in excess of those recommended for humans produced hypertrophy of the renal 
juxtaglomerular apparatus in mice, rats, dogs, and monkeys. No mutagenic activity 
was detected in the Ames test in bacteria, the micronucleus test in mice, unscheduled 
DNA synthesis in a human cell line, or a forward gene-mutation assay in a Chinese 
hamster ovary cell line. Several metabolites and degradation products of ramipril were 
also negative in the Ames test. A study in rats with dosages as great as 500 mg/kg/ 
day did not produce adverse effects on fertility. 


Pregnancy: Pregnancy Categories C (first trimester) and D (second and 
third trimesters): See WARNI GS: Fetal/neonatal morbidity and mortality. 
Nursing Mothers: \ngestion of a single 10 mg oral dose of ALTACE resulted in 
undetectable amounts of ramipril and its metabolites in breast milk. However, because 
multiple doses may produce low milk concentrations that are not predictable from 
single doses, ALTACE should not be administered to nursing mothers. 


Geriatric Use: Of the total number of patients who received ramipril in US clinical 
studies of ALTACE 11.0% were 65 and over while 0.2% were 75 and over. No overall 
differences in effectiveness or safety were observed between these patients and 
younger patients, and other reported clinical experience has not identified differences 
in responses between the elderly and younger patients, but greater sensitivity of some 
older individuals cannot be ruled out. 

One pharmacokinetic study conducted in hospitalized elderly patients indicated 
that peak ramiprilat levels and area under the plasma concentration time curve (AUC) 
for ramiprilat are higher in older patients. 

Pediatric Use: Safety and effectiveness in children has not been established. 

ADVERSE REACTIONS: ALTACE has been evaluated for safety in over 4,000 
patients with hypertension; of these, 1,230 patients were studied in US controlled 
trials, and 1,107 were studied in foreign controlled trials. Almost 700 of these patients 
were treated for at least one year. The overall incidence of reported adverse events was 
similar in ALTACE and placebo patients. The most frequent clinical side effects 
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(possibly or probably related to study drug) reported by patients receiving ALTACE in 
US placebo-controlled trials were: headache (5.4%), “dizziness” iea and fatigue 
or asthenia (2.0%), but only the last was more common in ALTACE patients than in 
patients given placebo. Generally, the side effects were mild and transient, and there 
was no relation to total on within the range of 1.25 to 20 mg. Discontinuation of 
therapy because of a side effect was required in a ab ee 3% of US patients 
treated with ALTACE. The most common reasons for discontinuation were: cough 
(1.0%), “dizziness” (0.5%), and impotence (0.4%). 

The side effects considered possibly or probably related to study drug that 
occurred in US placebo-controlied trials in more than 1% of patients treated with 
ALTACE are shown below. 


PATIENTS IN US PLACEBO-CONTROLLED STUDIES 


Altace Placebo 
(N = 651) (N = 286) 
K3 he i % 
Headache 35 5.4 17 5.9 
“Dizziness” 14 2.2 9 3.1 
Asthenia (Fatigue) 13 2.0 2 0.7 
Nausea/ Vomiting 7 1.1 3 1.0 


. Inplacebo-controlled trials, there was also an excess of upper respiratory infection and 


flu syndrome in the ramipril group. As these studies were carried out before the 
relationship of cough to ACE inhibitors was recognized, some of these events may 
represent ramipril-induced cough. In a later 1-year study, increased cough was seen 
in almost 12% of ramipril patients, with about 4% of these patients ppe x 
discontinuation of treatment. adverse experiences reported in controlled clini 
trials (in less than 1% of ramipril patients), or rarer events seen in postmarketing 
unt include the following (In some, a causal relationship to drug use is 
uncertain. ): 


Cardiovascular: Symptomatic ion (reported in 0.5% of patients in US trials) (see 
PRECAUTIONS and WARNINGS), syncope (not reported in US trials), angina pectoris, 
arrhythmia, chest pain, palpitations, myocardial infarction, and cerebrovascular events. 
Renal: Some hypertensive patients with no apparent a renal disease have 
developed minor, usually transient, increases in blood urea nitrogen and serum 
creatinine when taking ALTACE, goia when ALTACE was given concomitantly 
with a diuretic. (See WARNINGS.) 


Angioneurotic Edema: Angioneurotic edema has been reported in 0.3% of patients in 
US clinical trials. (See WARNINGS.) 


Cough: A tickling, dry, persistent, nonproductive cough has been reported with the 
use of ACE inhibitors. Approximately 1% of patients treated with ALTACE have 
required discontinuation because of cough. The cough disappears shortly after 
discontinuation of treatment. (See PRECAUTIONS.) 

Gastrointestinal: Abdominal pain (sometimes with enzyme changes suggesting 
pancreatitis), anorexia, constipation, diarrhea, dry mouth, dyspepsia, dysphagia, 
gastroenteritis, nausea, increased salivation, taste disturbance, and vomiting. 
Dermatologic: Apparent hypersensitivity reactions (manifested by dermatitis, pruri- 
tus, or rash, with or without fever), photosensitivity, and purpura. 

Neurologic and Psychiatric: Anxiety, amnesia, convulsions, depression, hearing loss, 
insomnia, nervousness, neuralgia, neuropathy, paresthesia, somnolence, tinnitus, 
tremor, vertigo, and vision disturbances. 


Fetal/Neonatal Morbidity and Mortality: See WARNINGS: Fetal/neonatal morbidity 
and mortality. 


Other: arthralgia, arthritis, dyspnea, edema, epistaxis, impotence, increased sweating, 
malaise, myalgia, and weight gain. 

Clinical Laboratory Test Findings: Creatinine and Blood Urea Nitrogen: Increases 
in creatinine levels occurred in 1.2% of patients receiving ALTACE alone, and in 1.5% 
of patients yale ALTACE and a diuretic. Increases in blood urea nitrogen levels 
occurred in 0.5% of patients receiving ALTACE alone and in 3% of patients receiving 
ALTACE with a diuretic. None of these increases required discontinuation of 
treatment. Increases in these laboratory values are more likely to occur in patients with 
renal insufficiency or those pretreated with a diuretic and, based on experience with 
other ACE inhibitors, would be expected to be especially likely in patients with renal 
artery stenosis. (See PRECAUTIONS and WARNINGS.) 

Since ramipril decreases aldosterone secretion, elevation of serum potassium 
can occur. Potassium supplements and potassium-sparing diuretics should be given 
with caution, and the patient’s serum potassium should be monitored frequently. (See 
PRECAUTIONS and WARNINGS. ) 


Hemoglobin and Hematocrit: Decreases in hemoglobin or hematocrit (a low value and 
a decrease of 5 g/dl or 5% respectively) were rare, map in 0.4% of patients 
receiving ALTACE alone and in 1.5% of patients receiving ALTACE plus a diuretic. No 
US pes discontinued treatment because of decreases in hemoglobin or hémat- 
ocrit. 


Other (causal relationships unknown): Clinically important changes in standard 
laboratory tests were rarely associated with ALTACE administration. Elevations of liver 
enzymes, serum bilirubin, uric acid, and blood glucose have been reported, as have 
scattered incidents of leukopenia, eosinophilia, and proteinuria. In US trials, less than 
0.2% of patients discontinued treatment for laboratory abnormalities: all of these were 
cases of proteinuria or abnormal liver-function tests. 

OVERDOSAGE: Human overdoses of ramipril have not been reported, but the most 
common manifestation of human ramipril overdosage is likely to be ion. 
Because the hypotensive effect of ramipril is achieved through ilation and 
= pai it is reasonable to treat ramipril overdose by infusion of normal 

ine solution. 
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Comparison of Direct-Current and 
Radiofrequency Ablation of Free Wall 
Accessory Atrioventricular Pathways in the 
Wolff-Parkinson-White Syndrome 
Shih-Ann Chen, MD, Wing-Ping Tsang, MD, Chih-Ping Hsia, MD, Der-Chih Wang, MD, 
Chern-En Chiang, MD, Hon-l Yeh, MD, Jaw-Wen Chen, MD, Chuen-Wang Chiou, MD, 


Chih-Tai Ting, MD, Chi-Woon Kong, MD, Shih-Pu Wang, MD, Benjamin N. Chiang, MD, 
and Mau-Song Chang, MD 


To evaluate and compare the safety and efficacy 


of catheter-mediated direct-current (DC) or radio- 
frequency (RF) ablation in patients with free wall 
accessory atrioventricular pathways, 95 patients 
with free wall accessory atrioventricular pathway- 
mediated tachyarrhythmias underwent catheter 
ablation. Immediately after ablation, 27 of 30 ac- 
cessory pathways (90%) were ablated successful- 
ly with DC, but 2 of the 27 had early return of 
conduction and received a second ablation ses- 
sion; 3 of 8 (38%) and 57 of 62 (92%) accessory 
pathways were ablated successfully with RF 
through a small-tip (2 mm) and a large-tip (4 mm) 
electrode catheter, respectively. Complications in 
DC ablation included transient hypotension (2 pa- 
tients) and pulmonary air-trapping (2 patients) 
and in RF ablation, cardiac tamponade (1 patient) 
and suspicious aortic dissection (1 patient); myo- 
cardial injury and proarrhythmic effects were 
more severe in DC ablation. Procedure and radia- 
tion exposure time were significantly longer in RF 
ablation (DC, 3.6 + 0.2 hours, 34 + 4 minutes; RF 
4.2 + 0.5 hours, 50 + 10 minutes). This study 
confirms that RF ablation is associated with little 
morbidity and few complications, and RF ablation 
with a large-tip electrode catheter is an effective 
and relatively safe nonsurgical method for treat- 
ment of free wall accessory atrioventricular path- 
way-mediated tachyarrhythmias. 

(Am J Cardiol 1992;70:321-326) 
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as electrical links between the atrium and ventri- 

cle and are found coursing over the mitral or tri- 
cuspid annulus.! Successful interruption of these path- 
ways without damage to the normal conduction results 
in cure of Wolff-Parkinson-White syndrome.*-'* High- 
energy shocks are associated with infrequent but serious 
complications.*-? Animal studies have suggested that 
radiofrequency (RF) energy could safely produce le- 
sions that would be successful in ablating accessory 
pathways.'° The purpose of this study was to evaluate 
and compare the safety and efficacy of catheter abla- 
tion of free wall accessory atrioventricular pathways 
with direct-current (DC) and RF current in 95 unse- 
lected, consecutive patients. 


F= wall accessory atrioventricular pathways serve 


METHODS 

Patient characteristics: The study population con- 
sisted of 95 consecutive patients with symptomatic 
tachyarrhythmias associated with accessory atrioven- 
tricular pathways. Patients were not excluded for any 
technical reason, including the presence of multiple 
pathways, or previous unsuccessful catheter ablation. 
They were refractory or intolerable to 3 + 1 antiar- 
rhythmic drugs. Their ages ranged from 20 to 78 years 
(mean 50 + 10). Ten patients had associated cardiovas- 
cular disorders, including dilated cardiomyopathy (5 pa- 
tients), pulmonary disease (2 patients), severe hyperten- 
sion (2 patients) and Ebstein’s anomaly (1 patient). 

Mapping and ablation: Five to 6 multipolar elec- 
trode catheters were inserted percutaneously into the 
right internal jugular, and into the right and left femo- 
ral veins, and used for programmed atrial and ventricu- 
lar stimulation and for localization of the accessory 
pathway. Accessory pathways were presumed to be lo- 
calized at the sites of recording accessory pathway acti- 
vation potentials, near the sites of earliest ventricular 
activation during anterograde accessory pathway con- 
duction (sinus rhythm or atrial pacing), or the sites of 
earliest atrial activation during retrograde accessory 
pathway conduction (atrioventricular reentrant tachy- 
cardia or ventricular pacing). To localize left-sided ac- 
cessory pathways, one 6Fr hexapolar electrode catheter 
with 2 mm interelectrode space or 1 to 2 othogonal elec- 
trode catheters were used in the coronary sinus. To lo- 
calize right-sided accessory pathways, a catheter with a 
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deflectable curve and closely spaced (2 mm interelec- 
trode space) conventional electrodes was used to map 
the tricuspid annulus. The presumed site of accessory 
pathway was marked on the imaging intensifier monitor 
for electrophysiologic and radiographic reference of the 
catheter ablation for the accessory pathway. Catheter 
ablation was performed after the initial electrophysio- 
logic study and careful mapping. Each patient gave in- 
formed consent for the ablation and the postablation 
evaluation after the possible benefits and risks had been 
fully explained. A 7Fr arterial cannula was inserted into 
the left femoral artery to continuously monitor arterial 
blood pressure. Coronary arteriography revealed that 
the dominant artery was not on the site of the accessory 
pathway in every patient. 

Direct-current ablation: The first 29 patients re- 
ceived DC ablation. As described previously,?~'! the dis- 
tal 2 electrodes (connected common) of a 6Fr quadripo- 
lar catheter with 5 mm interelectrode space (USCI, or 
Mansfield) was used to deliver DC from the cathodal 
output of a life pack defibrillator, and the anode was a 
large skin electrode (81 cm?, R-6, NIKOMED) posi- 
tioned opposite the catheter used for ablation. In pa- 
tients with left parietal accessory pathways, the elec- 
trode catheter used for ablation was inserted into the 
left atrium by the atrial transseptal technique, then ad- 
vanced to the ablation site, with the distal electrode 
against the mitral annulus. Intravenous heparin in a bo- 
lus dose of 5,000 U and an infusion of 1,000 U/hour 
were administered. In patients with right parietal acces- 
sory pathways, the distal electrode of a deflectable, 
quadripolar catheter used for ablation was positioned on 
the presumed site of accessory pathway, with the elec- 
trode against the tricuspid annulus. The bipolar record- 
ing from the distal pair (electrodes 1,2) had a larger V 
and smaller A wave, and from the middle pair (elec- 
trodes 2,3) had a larger a and smaller v wave or A/V 
amplitude ratio near 1. After a short-acting anesthetic 
agent (0.5 to 1 mg/kg methohexital sodium) was ad- 
ministered intravenously, 1 synchronous DC shock was 
delivered. Energy ranged from 200 to 250 J/shock in 
the initial 10 patients; then it was reduced to 100 to 150 
J/shock in the remaining 19 patients. If the first shock 
was successful in interrupting the accessory pathway, 
isoproterenol (3 to 4 wg/min) was administered to as- 
certain the conduction of the accessory pathway 30 
minutes later. If the accessory pathway elective for ab- 
lation was present after the first shock or reappeared 
after isoproterenol administration, then the mapping 
procedures were repeated, and additional shocks were 
delivered. If the accessory pathway was not present af- 
ter isoproterenol administration, 1 additional DC shock 
was delivered to the same ablation site with the same or 
lower energy to minimize the possibility of resumption 
of conduction through the accessory pathway. The total 
procedure and radiation exposure time were calculated. 

Radiofrequency ablation group: A catheter with a 
small-tip electrode (2 mm) in the first 8 patients or a 
large-tip electrode (7Fr; length 4 mm; surface area 27 
mm?, deflectable [Mansfield-Webster Catheters, Bos- 
ton Scientific, Watertown, Massachusetts]) in the re- 


maining 58 patients was used for ablation. For right 
free wall accessory pathways, the tip electrode was posi- 
tioned against the atrial aspect of the tricuspid annulus 
(all from the femoral vein approach, Figure 1). For con- 
cealed left free wall accessory pathways, the tip elec- 
trode was positioned against the mitral annulus, be- 
neath (from retrograde ventricular approach) or above 
(through a patent foramen ovale, transseptal approach 
or retrograde ventricular approach) the leaflet; for man- 
ifest left free wall accessory pathways, the tip electrode 
was positioned beneath the valve leaflet and high 
against the mitral annulus (from the retrograde ventric- 
ular approach). For the first 8 patients, RF current 
(continuous-wave, 750 KHz) was generated by a con- 
ventional electrosurgical unit (Valleylab) modified with 
a transformer to increase voltage, and for the other pa- 
tients by a more powerful unit (Radionic-3C). Both 
units were coupled to a device that provided real-time 
monitoring of root-mean-square voltage, current and 
impedance. RF current was delivered at 45 to 70 V be- 
tween the tip electrode and a standard adhesive electro- 
surgical dispersive pad (3 M, Medical and Surgical Di- 
vision) applied to the chest wall. Energy was usually 
applied during sinus rhythm in patients with preexcita- 
tion, and during ventricular pacing or atrioventricular 
reentrant tachycardia in patients with concealed acces- 
sory pathways. When accessory pathway conduction 
was lost within 10 to 15 seconds, the application of ener- 
gy was maintained for 60 to 120 seconds (longer appli- 
cation time in right-sided pathways), but was terminat- 
ed immediately in the event of an increase in impedance 
(resulting from formation of coagulum on the electrode) 
or displacement of the catheter electrode. Immediate 
electrophysiologic study (under isoproterenol) was per- 
formed at 30 minutes after successful ablation. If the 
accessory pathway elective for ablation was present, 
then the mapping and ablation procedures were repeat- 
ed. As in DC ablation, heparin was administered to all 
patients requiring a catheter in the left side of the heart. 
The total procedure and radiation exposure time were 
calculated. 

Postablation monitoring and evaluation: All pa- 
tients were monitored in the coronary care unit for 24 
hours, then underwent continuous electrocardiographic 
monitoring for 3 additional days. Serial creatine kinase 
and creatine kinase-MB fraction (every 6 hours) were 
measured for 3 days. Complete 12-lead electrocardio- 
grams were obtained immediately, every 6 hours on the 
first day, then once daily for 6 days after ablation. A 
Doppler and transesophageal echocardiogram (imme- 
diately and 2 to 3 days later), a technetium pyrophos- 
phate scintigram, a pulmonary ventilation-perfusion 
scintigram (2 to 4 days later) and a nuclear ventriculo- 
gram (1 week later) were recorded. A follow-up electro- 
physiologic study was performed 1 to 2 weeks and 3 to 5 
months later. Coronary angiography was performed in 
the late follow-up electrophysiologic study. Further- 
more, to assess the possible arrhythmogenic effects of 
catheter ablation, atrial and ventricular programmed 
stimulation from 2 right ventricular sites with 2 extra- 
stimuli were performed during control and isoproterenol 
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infusion (3 to 4 ug/min). Twenty-four-hour Holter re- 
cordings and ventricular late potentials were obtained 
on the first and seventh day, and on the first and third 
month after ablation. Long term efficacy was assessed 
clinically based on the resting surface electrocardio- 
gram, 24-hour Holter monitoring and clinical symp- 
toms. 
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Statistical analysis: All values are expressed as 
means + SE. Differences among the electrophysiologic 
data obtained before and after the ablation procedures 
were compared with Student’s t test. Comparisons be- 
tween different groups were obtained with Fisher exact 
test (2-tail). A probability <0.05 was considered statis- 
tically significant. 


Power 37.2W 


FIGURE 1. Ablation of a right lateral accessory pathway. Panel A, ablation catheter was positioned on the lateral aspect of tri- 
cuspid annulus (TA). The bipolar recordings from electrodes 1,2 (TA;) had ventricular activation 30 ms earlier than the surface 
electrocardiogram delta wave, and a possible accessory pathway potential (AP). Intracardiograms were recorded from the right 
atrium (RA), His-bundle area (HBE), coronary sinus orifice, proximal and middle region (CS1, CS2 and CS3). Panel B, radiofre- 
quency current was applied to the large-tip electrode of the TA catheter at 0.60 A, 62 V, and calculated power 37.2 W. Acces- 


sory pathway conduction ceases 1.6 second after the onset of the 


of radiofrequency current and was reflected by the 


lengthening of the PR interval and normalization of the QRS complex (arrow). C, radiographs (left anterior oblique (LAO) and 
lateral (LAT) projections showing the position of the large-tip electrode (arrow) used for ablation. 
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RF 11 


6 


6 23 


shortest RR interval during atrial fibrillation. 


RESULTS 

immediate and early results: DIRECT-CURRENT ABLA- 
TION GROUP: Locations and characteristics of accessory 
pathways are summarized in Table I. Accessory path- 
way potentials were recorded in 20 patients. A mean of 
2.7 + 0.1 applications of DC eliminated 27 accessory 
pathways successfully (single ablation session), and 
failed in 3 accessory pathways (1 left posterolateral, 1 
right lateral, and 1 right posterior location). The 2 pa- 
tients with a left posterolateral and right lateral path- 
way had successful RF ablation 1 year later. Cumula- 
tive energy delivered per session was 410 + 22 J, proce- 
dure time lasted a mean of 3.6 + 0.2 hours (range 2 to 
6) and patients’ mean radiation exposure time per ses- 
sion was 34 + 4 minutes (range 15 to 48). Twenty-six 
patients underwent early follow-up. Two patients had 
inducible tachycardia and underwent a single repeated 
session with successful results. In the RF ablation 
group, success was achieved in 56 patients (63 patients 
with a single pathway, 2 patients with 2 pathways, and 
1 patient with 3 pathways). The locations and charac- 
teristics of accessory pathways were summarized in Ta- 
ble I. Accessory pathway potentials could be recorded in 
30 patients. These electrophysiologic parameters were 
not significantly different from the DC ablation group. 
Successful ablation of accessory pathways (single abla- 
tion session) required a median of 9 applications of RF 
current (range 1 to 64 and a median of 6 and 13 for left 
and right-sided free wall pathways, respectively) at a 
power of 35.7 + 1.1 W delivered for a duration of 66.6 
+ 3.7 seconds. Accessory pathway conduction was in- 
terrupted at 3.8 + 0.3 seconds after initiation of energy 
(range 1 to 15 seconds). In the first 8 patients, accessory 
pathways were ablated with a small tip electrode cathe- 
ter and elimination of accessory pathways was achieved 
in 3 (38%) but was unsuccessful in 5 patients. Four of 
the 5 patients (all had left-sided free wall pathways) 
with unsuccessful RF ablation had a successful DC ab- 
lation in the same ablation session, and the other patient 
had a successful outcome of surgical ablation. In the 
remaining 58 patients, elimination of accessory path- 
ways was achieved in 53 patients (91%) with a large-tip 
electrode catheter. Three of the 5 patients (2 with left- 
sided and 1 with right-sided free wall pathways) with 
unsuccessful RF ablation had a successful DC ablation 
in the same session. Cumulative energy delivered per 
session was 10,800 + 3,400 J, procedure time lasted for 
a mean of 4.2 + 0.5 hours (range 2 to 9), and patients’ 
mean radiation exposure time per session was 50 + 10 
minutes (range 18 to 136). The 56 patients with suc- 


TABLE | Locations and Characteristics of Accessory Pathways 
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cessful RF ablation underwent predischarge electro- 
physiologic studies. Six patients (5 with concealed left- 
sided and | with concealed right-sided accessory path- 
ways) had return of retrograde conduction with pro- 
longed ventriculoatrial conduction time (effective retro- 
grade refractory period from 250 + 4 to 405 + 8 ms), 
and tachycardia was not inducible. 

Late results: DIRECT-CURRENT ABLATION GROUP: Dur- 
ing a mean follow-up of 24 + 2 months (range 18 to 
31), all patients with a successful outcome had experi- 
enced no recurrence of arrhythmia and were free of 
antiarrhythmic medication. One patient with cardiomy- 
opathy still had paroxysmal attacks of atrial fibrillation 
with atrioventricular nodal conduction, and the ventric- 
ular rate could be controlled with digitalis. One patient 
with a right posterior accessory pathway had reappear- 
ance of a delta wave 2 weeks after ablation. Follow-up 
study showed the pathway was modified with prolonga- 
tion of anterograde and retrograde refractory periods 
from 300 to 500 ms and from 230 to 520 ms, respective- 
ly. Tachycardia was not inducible. A late electrophysio- 
logic study (mean 4 + 1 months, 18 patients), including 
the 2 patients who had undergone a second ablation ses- 
sion, did not show reappearance of accessory pathway 
conduction even during administration of intravenous 
isoproterenol (3 to 4 wg/min). The remaining 11 pa- 
tients did not have reappearance of preexcitation or any 
symptom related to tachycardia attack. During a mean 
follow-up of 11 + 1 months (4 to 17 months in the RF 
ablation group), 2 patients with a successful outcome 
had experienced recurrence of arrhythmia. One patient 
(left lateral manifest accessory pathway) had return of 
retrograde conduction with tachycardia attack at 40 
days after ablation and he took procainamide to control 
tachycardia. One patient (left lateral concealed accesso- 
ry pathway) had a tachycardia attack at 66 days after 
ablation, which subsided with the Valsalva maneuver. A 
late electrophysiologic study (4 + 1 months) in 36 pa- 
tients did not show reappearance of accessory pathway 
conduction, and tachycardia was noninducible even dur- 
ing administration of intravenous isoproterenol (3 to 4 
ug/min). None of the remaining 30 patients had reap- 
pearance of preexcitation or recurrent tachycardia. 

Complications of catheter ablation: DIRECT-CURRENT 
ABLATION GROUP: A small suspicious lesion of air-trap- 
ping in the right lower lobe was seen in 2 patients with 
DC ablation of right-sided pathways. However, they 
were asymptomatic and the follow-up examinations (2 
weeks later) were normal. Atrial arrhythmias were not 
inducible in the early and late electrophysiologic stud- 
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ies. Nonsustained monomorphic ventricular tachycardia 
(maximum 6 beats) were inducible in 2 patients in the 
early study, and were noninducible in the late follow-up 
study (Table II). In the RF ablation group, one patient 
with a manifest left lateral accessory pathway had a 
successful ablation of anterograde conduction on the 
ventricular insertion, and the abolition of retrograde 
conduction could be achieved only above the mitral leaf- 
let with the retrograde technique. This patient com- 
plained of severe chest pain during delivery of the RF 
energy (40 W, 40 seconds) on the atrial side. Hypoten- 
sion with cardiac tamponade occurred about 2 hours af- 
ter ablation. Intrapericardial blood was drained after 
urgent pericardiocentesis, and the patient did not re- 
quire surgery. One 70-year-old patient had severe hy- 
pertension associated with tortuosity of the aorta. He 
complained of progressively sharp back pain immediate- 
ly after successful ablation. The urgent computer tomo- 
gram with contrast enhancement revealed suspicious 
aortic dissection. Fortunately, the follow-up computer 
tomogram and digital subtraction angiography of the 
aorta did not show a definite lesion and the patient’s 
course was uneventful. Holter examination on the first 
and seventh day showed the numbers of atrial and ven- 
tricular beats were less in the RF ablation group. Data 
obtained from ventricular late potentials were normal 
(Table III). Atrial and ventricular arrhythmias were 
not inducible in the early and late electrophysiologic 
studies. Patients who had atrial fibrillation with rapid 
ventricular preexication before ablation did not have in- 
ducible atrial fibrillation in follow-up studies. 


DISCUSSION 

DC energy was delivered to the atrial insertion of 
accessory pathways in all patients to decrease and avoid 
the early or late ventricular proarrhythmias.’ The trans- 
septal approach was learned from our experiences with 
transseptal balloon mitral valvuloplasty.'!© RF energy 
was delivered to the atrial insertion of right-sided acces- 
sory pathways owing to the findings that the weak link 
along the atrium accessory pathway ventricle is the atri- 
al insertion in the right-sided accessory pathways.!? 
Furthermore, mapping and ablation of the right-sided 
accessory pathways were all from the femoral vein ap- 
proach and not from the jugular vein approach.!?-!4 RF 
energy was first delivered to the ventricular insertion of 
the left-sided accessory pathways according to the find- 
ings that the weak link along the atrium-accessory path- 
way-ventricle axis is the ventricular insertion in left-sid- 
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ed accessory pathways.'’ Eight pathways could not be 
ablated successfully by ventricular insertion; ablation 
was achieved from the atrial insertion with the tip elec- 
trode resting on the mitral annulus or above the mitral 
leaflet. 

Unlike DC energy delivery, rupture of the coronary 
sinus, sustained arrhythmias, pressure changes or perfo- 
rations have not been reported after RF was used.!?-!4 
Although DC energy was delivered to the atrial endo- 
cardium, there were still more early proarrhythmic ef- 
fects than there were in the RF ablation group. In 
pathologic studies, RF lesions were small and homoge- 
neous, which probably explain their low potential to 
produce cardiac dysrhythmias.'* Because RF energy af- 
fects cardiac tissue by resistive heating without arcing, a 
chronic effect is usually maintained. However, DC 
shocks affect cardiac tissue by barotrauma and may 
achieve accessory pathway conduction block even when 
the shock is delivered to an anatomically imprecise 
region. Recurrence of accessory pathway conduction 
within 24 hours of a “successful” DC shock is frequent- 
ly reported.© The recurrence rate is lower in the RF 
than in the DC ablation group. Other studies!*-!> have 
reported similar results. This suggests that the tissue ef- 
fects of RF energy may be reversible less frequently 
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than the effects of DC shocks. More precise mapping 
and longer RF delivery time (up to 60 to 120 seconds) 
may decrease the recurrence rate. 

Although myocardial infarction was not found, sev- 
eral studies reported acute coronary spasm or infarction 
in patients with DC ablation.*-* Furthermore, our study 
showed DC ablation produced more extensive myocar- 
dial injury than RF ablation. Ventricular function did 
not deteriorate in both groups, but animal studies 
showed acute ventricular dysfunction after DC abla- 
tion.!? Pulmonary air-trapping suggests transient spasm 
of small bronchi due to barotrauma. Cardiac tampon- 
ade occurred in 1 patient, and this suggests that abla- 
tion from the atrial side should be undertaken with 
caution, and lower RF power should be considered for 
patients with pathways that cannot be ablated from be- 
neath the mitral annulus. Suspicious aortic dissection 
was possibly related to manipulation of the catheter 
used for ablation. This suggests that the atrial transsep- 
tal approach to left-sided accessory pathways may be 
more appropriate in some patients with marked tortuos- 
ity of the aorta, avoiding manipulation of the catheter in 
the aorta. The late complications after RF ablation are 
unknown, and careful long-term observation of patients 
is required. 

A significantly higher success rate was found when 
ablation was attempted with the large-tip rather than 
the small-tip electrode catheter. Similar results have 
been reported.?° There have also been attempts to low- 
er energy requirements, improve efficiency and shorten 
procedure and radiation exposure times with either ac- 
tive fixation or suction electrodes. 

The total procedure and radiation exposure time are 
longer in the RF group, and the success rate was the 
same in both groups. Although the patients selected 
were sequential and unselected, prior experiences in DC 
and not in RF may have biased the results. Neverthe- 
less, this study could confirm that catheter delivery of 
RF current with a large-tip electrode is highly effective 
(92%) in ablating free wall accessory pathways, with no 
mortality and little morbidity. 
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CORGARD” TABLETS 
Nadolol Tablets USP 


DESCRIPTION: CORGARD (nadolol) is a synthetic nonselective beta-adrenergic receptor 
blocking agent. 


CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first degree 
conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 


WARNINGS: Cardiac Failure-Sympathetic stimulation may be a vital component 
supporting circulatory function in congestive heart failure, and its inhibition by beta- 
blockade may precipitate more severe failure. Although beta-blockers should be avoided in 
overt congestive heart failure, if necessary, they can be used with caution in patients with a 
history of failure who are well compensated, usually with digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 
IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta- 
blockers can, in some cases, lead to cardiac failure; therefore, at first sign or symptom of 
heart failure, digitalize and/or give diuretics, and closely observe response, or discontinue 
nadolol (gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal- 
Hypersensitivity to catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial 
infarction have occurred after abrupt discontinuation of such therapy. When 
discontinuing chronic use of nadolol. particularly in patients with ischemic heart 
disease, gradually reduce dosage over a 1- to 2-week period and carefully monitor 


the patient. Reinstitute nadolol promptly (at least temporarily) and take other 
measures approoriate for management of unstable angina if angina markedly 
worsens or acute coronary insufficiency develops. Warn patients not to interrupt or 
discontinue therapy without physician's advice. Because coronary artery disease is 
common and may be unrecognized, it may be prudent not to discontinue nadolol 
therapy abruptly even in patients treated only for hypertension. 





Nonallergic Bronchospasm (eg, chronic bronchitis, emphysema)—PATIENTS 
WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA- 
BLOCKERS. Administer nadolol with caution since it may block bronchodilation produced 
by endogenous or exogenous catecholamine stimulation of beta, receptors. 

Major Surgery—Because beta-bloekade impairs the 
ability of the heart to respond to reflex stimuli and may 
increase risks of general anesthesia and surgical 
procedures, resulting in protracted hypotension or low 
cardiac output, it has generally been suggested that such 
therapy should be withdrawn several Gays prior to surgery. 
Recognition of the increased sensitivity to catecholamines 
of patients recently withdrawn from beta-blocker therapy, 
however, has made this recommendation controversial. If 
possible, withdraw beta-blockers well before surgery takes 
place. In emergency surgery, inform the anesthesiologist 
that the patient is on beta-blocker therapy. Use of beta- 
receptor agonists such as isoproterene!, dopamine, 
dobutamine, or levarterenol can reverse the effects of 
nadolol. Difficulty in restarting and maintaining the heart- 
beat has also been reported with beta-adrenergic receptor 
blocking agents. 

Diabetes and Hypoglycemia—Beta-adrenergic 
blockade may prevent the appearance of premonitory signs 
and symptoms (eq, tachycardia and blood pressure 
changes) of acute hypoglycemia. This is especially 
important with labile diabetics. Beta-biockade also reduces 
release of insulin in response to hyperglycemia; therefore, 
it may be necessary to adjust dose of antidiabetic drugs. 

Thyrotoxicosis—Beta-adrenergic blockade may mask 
certain clinical signs (eg, tachycardia) of hyperthyroidism. 
To avoid abrupt withdrawal of beta-adrenergic blockade 
which might precipitate a thyroid storm, carefully manage 
patients suspected of developing thyrotoxicosis. 
PRECAUTIONS: Impaired Renal Function—Use nadolol 
with caution (see DOSAGE AND ADMINISTRATION 
section of package insert). 

Information tor Patients—Warn patients, especially 
those with evidence of coronary artery insufficiency, 
against interruption or discontinuation of nadolol without 
physician's advice. Although cardiac failure rarely occurs 
in properly selected patients, advise patients being treated with beta-adrenergic blocking 
agents to consult physician at first sign of impending failure. Advise patients in event of 
missed doses. 

Drug Interactions—Concurrent administration may result in interactions with: 
Anesthetics, general—exaggeration of the hypotension induced by general anesthetics 
(see WARNINGS, Major Surgery). Antidiabetic drugs (oral agents and 
insulin}—hypoglycemia or hyperglycemia; adjust antidiabetic drug dosage accordingly 
(see WARNINGS, Diabetes and Hypeglycemia). Catecholamine-depleting drugs (eg, 
reserpine)—additive effect; monitor closely for hypotension and/or excessive bradycardia. 

Response to Treatment for Anaphylactic Reaction-While taking beta-blockers, 
patients with a history of severe anaphylactic reaction to a variety of allergens may be 
more reactive to repeated challenge, either accidental, diagnostic, or therapeutic. Such 
patients may be unresponsive to the usual doses of epinephrine used to treat allergic 
reaction. 

Carcinogenesis, Mutagenesis, Impairment of Fertility—in 1- to 2-year oral 
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toxicologic studies in mice, rats, and dogs, nadolol did not produce significant toxic 
effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did not produce 
neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 

Pregnancy Category C-In animal reproduction studies with nadolol, evidence of 
embryo- and fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 
10 times greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic 
potential was seen in any of these species. There are no well-controlled studies in 
pregnant women; therefore, use nadolol in pregnant women only if potential benefit 
justifies potential risk to the fetus. Neonates of mothers who received nadolol at parturition 
have exhibited bradycardia, hypoglycemia, and associated symptoms. 

Nursing Mothers—Nadolol is excreted in human milk. Exercise caution when nadolol 
is administered to a nursing woman. 

Pediatric Use—Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovascular—Bradycardia with heart rates of less than 60 beats per minute occurs 
commonly, and heart rates below 40 beats per minute and/or symptomatic bradycardia 
were seen in about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, 
usually of the Raynaud type, have occurred in approximately 2 of 100 patients. Cardiac 
failure, hypotension, and rhythm/conduction disturbances have each occurred in about 
1 of 100 patients. Single instances of first degree and third degree heart block have been 
reported; intensification of AV block is a known effect of beta-blockers (see also 
CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous 
System—Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, 
sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory—Bronchospasm reported in approximately 1 of 1000 patients (see 
CONTRAINDICATIONS and WARNINGS). Gastrointestinal—Nausea, diarrhea, 
abdominal discomfort, constipation, vomiting, indigestion, anorexia, bloating, and 
flatulence each reported in 1 to 5 of 1000 patients. Miscellaneous—Each of the following 
reported in 1 to 5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; 
impotence or decreased libido; facial swelling; weight gain; slurred speech; cough; nasal 
stuffiness; sweating; tinnitus; blurred vision; infrequent reversible alopecia. 

The following adverse reactions have been reported in patients taking nadolol and/or 
other beta-adrenergic blocking agents, but no causal 
relationship to nadolol has been established. Central 
Nervous System-—reversible mental depression 
progressing to catatonia; visual disturbances; 
hallucinations; an acute reversible syndrome characterized 
by disorientation for time and place; short-term memory 
loss, emotional lability with slightly clouded sensorium; 
decreased performance onneuropsychometrics. 
Gastrointestinal—mesenteric arterial thrombosis; ischemic 
colitis; elevated liver enzymes. Hematologic- 
agranulocytosis;thrombocytopenic or nonthrombocytopenic 
purpura. Allergic—fever combined with aching and sore 
throat; laryngospasm; respiratory distress. 
Miscellaneous—pemphigoid rash; hypertensive reaction in 
patients with pheochromocytoma; sleep disturbances; 
Peyronie's disease. The oculomucocutaneous syndrome 
associated with practolol has not been reported with 
nadolol. 

OVERDOSAGE: Nadolol can be removed from the general 
circulation by hemodialysis. In addition to gastric lavage, 
employ the following measures as appropriate. In 
determining duration of corrective therapy, take note of 
long duration of effect of nadolol. 

Excessive Bradycardia—Administer atropine (0.25 to 
1.0 mg). If there is no response to vagal blockade, 
administer isoproterenol cautiously. 

Cardiac Failure—Administer a digitalis glycoside and 
diuretic. It has been reported that glucagon may also be 
useful in this situation. 

Hypotension—Administer vasopressors, eg, 
epinephrine or levarterenol. (There is evidence that 
epinephrine may be the drug of choice.) 

Bronchospasm—Administer a beta,-stimulating agent 


DOSAGE-For all patients, DOSAGE MUST BE 
INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg qd; may be gradually increased in 40 
to 80 mg increments at 3 to 7 day intervals until optimum clinical response or pronounced 
slowing of the heart rate; usual maintenance dose is 40 or 80 mg qd (doses up to 160 or 
240 mg daily may be needed). If treatment is to be discontinued, reduce dosage gradually 
over a period of 1 to 2 weeks (see WARNINGS). 

For hypertension, usual initial dose is 40 mg qd; gradually increase in 40 to 80 mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose is 
40 or 80 mg qd (doses up to 240 or 320 mg daily may be needed). 

Patients with renal failure require adjustment in dosing interval; see package insert for 
dosage in these patients. 

For full prescribing information consult package insert. 

HOW SUPPLIED: In scored tablets containing 20, 40, 80, 120, or 160 mg nadolol per 
tablet in bottles of 100. The 40 mg, 80 mg, and 120 mg tablets are available in bottles of 
1000 tablets. The 20 mg, 40 mg, and 80 mg tablets are also available in Unimatic” unit- 
dose packs of 100 tablets. 
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Clinical Implications of Left Atrial Spontaneous 
Echo Contrast in Nonrheumatic Atrial Fibrillation 


Liang-Miin Tsai, MD, Jyh-Hong Chen, MD, PhD, Ching-Jing Fang, MD, 
Li-Jen Lin, MD, and Chi-Ming Kwan, MD 


The prevalence and clinical significance of left 


atrial (LA) spontaneous echo contrast were inves- 
tigated in 103 consecutive patients with chronic 
nonrheumatic atrial fibrillation (AF) using transe- 
sophageal echocardiography. LA spontaneous 
echo contrast was visualized in 25 of 103 patients 
(24.3%). Age, sex, LA diameter, left ventricular 
diastolic and systolic dimensions, left ventricular 
ejection fraction, and the percentage of lone AF 
were not significantly different between patients 
with and without LA spontaneous echo contrast; 
however, those with LA spontaneous echo con- 
trast were less likely to have moderate or severe 
mitral regurgitation. LA thrombi were observed in 
7 patients (6.8%), and all 7 thrombi were found in 
the atria with spontaneous echo contrast. History 
of cerebral ischemia or peripheral embolism, or 
both, was significantly more frequent in patients 
with than without LA spontaneous echo contrast 
(84 vs 18%; p <0.001). The presence of LA spon- 
taneous echo contrast was highly specific (94%) 
and predictive for thromboembolic events (positive 
and negative predictive values of 84 and 82%, re- 
spectively). Thus, transesophageal echo-detected 
LA spontaneous echo contrast is frequently found 
in patients with chronic nonrheumatic AF. This 
phenomenon may represent a precursor of throm- 
bus formation, and its presence is associated with 
an increased thromboembolic risk. 

(Am J Cardiol 1992;70:327-331) 
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ography, left atrial (LA) spontaneous echo con- 

trast has become a well-recognized finding in pa- 
tients with mitral valve stenosis or prostheses.!-> Spon- 
taneous echo contrast is probably caused by blood stasis 
and therefore is considered to presage thrombus forma- 
tion.* Recently, Daniel et al! reported that LA sponta- 
neous echo contrast was associated with an increased 
thromboembolic risk in patients with rheumatic mitral 
valve disease. Although LA spontaneous echo contrast 
has been described in patients with nonrheumatic atrial 
fibrillation (AF),>~’ its prevalence and clinical signifi- 
cance in this setting are poorly understood. Nonrheu- 
matic AF is associated with an increased risk of stroke, 
presumably due to cardiogenic embolism.*-!° However, 
preventive strategies remain controversial, in part, ow- 
ing to the uncertainty of the specific thromboembolic 
mechanism. We hypothesized that chronic nonrheumat- 
ic AF may cause LA spontaneous echo contrast by the 
absence of synchronous atrial contraction, and that the 
presence of spontaneous. echo contrast increases the 
likelihood of clot formation in the atria and helps identi- 
fy subjects with increased thromboembolic risk. Accord- 
ingly, we prospectively investigated the prevalence and 
clinical implications of LA spontaneous echo contrast in 
a large, consecutive, unselected group of patients with 
chronic nonrheumatic AF. 


S ince the clinical use of transesophageal echocardi- 


METHODS 

Patient population: From January 1989 to April 
1991, all patients diagnosed to have chronic nonrheu- 
matic AF who were either admitted to the hospital or 
observed at our outpatient clinics were prospectively en- 
rolled in this study. Chronic nonrheumatic AF was di- 
agnosed if there was no physical or echocardiographic 
evidence of rheumatic mitral stenosis and if AF was 
persistent for 230 days, as documented by serial elec- 
trocardiography. Patients who had known esophageal 
disease or were unable to tolerate transesophageal study 
were excluded. 

In all, 105 consecutive patients were included and 
underwent transesophageal echocardiography after giv- 
ing informed consent. Two patients were excluded be- 
cause of nondiagnostic images. The remaining 103 pa- 
tients (74 men and 29 women, mean age 65 years, 
range 28 to 82) formed the basis of this study. An etiol- 
ogy of AF was identified in 88 patients (Table I); the 
remaining 15 patients were considered to have lone AF. 
The duration of AF could be obtained by history in 52 
patients (50%) and ranged from 1 to 25 years (mean 
4.9). At the time of the study, only 5 patients were re- 
ceiving oral anticoagulant therapy, and none were re- 
ceiving antiplatelet agents. 
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TABLE I Underlying Disease of 103 Patients 


Hypertensive heart disease 
Nonrheumatic valvular disease 
Dilated cardiomyopathy 
Coronary artery disease 
Hyperthyroidism 

Chronic lung disease 
Hypertrophic cardiomyopathy 
Sick sinus syndrome 

None (lone atrial fibrillation) 


A thorough history review of all patients was per- 
formed to search for ischemic stroke, transient ischemic 
attack or peripheral embolism. In 88% of patients with 
ischemic stroke, the diagnoses of cerebral ischemia were 
further confirmed by computerized axial tomography. 
All peripheral embolic events were documented by angi- 
ography or vascular surgery. 

Echocardiography: All patients were studied with 
transthoracic and transesophageal echocardiography. 
Transthoracic studies were performed using a Hew- 
lett-Packard (model 77020AC) ultrasound imaging sys- 
tem with either a 2.5 or 3.5 MHz phased array trans- 
ducer; a 5 MHz phased array monoplane imaging 
transducer (Hewlett-Packard, model 21362A) was used 
for transesophageal studies. Multiple standard views 
were obtained in all patients. All patients fasted for 24 
hours before transesophageal studies. Intravenous seda- 
tion with diazepam (2.5 to 5 mg) and topical pharyn- 
geal anesthesia were administered before insertion of 
the gastroscope. The procedure was tolerated by all pa- 
tients, and there were no complications. M-mode echo- 
cardiographic measurements were obtained using stan- 
dard methods,!! and left ventricular ejection fraction 
was calculated using the method of Teichholz et al.!? 
The severity of mitral regurgitation was classified as 
mild, moderate or severe according to the ratio of color 
flow jet area to LA area.!? 

LA thrombus was diagnosed when a well-circum- 
scribed echo mass was observed in >1 tomographic 
plane, despite alterations in gains and reject settings.’ 
Spontaneous echo contrast was defined as a dynamic 
cloud of amorphous echoes swirling slowly in the LA 
cavity. When it was absent with usual gain settings, the 
gain was systematically increased; however, efforts were 
taken to avoid noise artifact. Subsequently, an optimal 
image gain setting was obtained. All echocardiograms 
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TABLE ll Baseline Variables Among Patients With and 
Without Left Atrial Spontaneous Echo Contrast 


SEC 
Present 
(n = 25) 


SEC 
Absent p 
(n = 78) Value 


677 
6 (24%) 
41+5 


63 + 10 
23 (29%) 
41+8 


Age (yr) 

Women 

LA dimension (mm) 

LV dimension (mm) 
Diastole 
Systole 

LV ejection fraction (%) 

> moderate MR 

Lone atrial fibrillation 


51 +7 
36+8 
56 + 15 
1 (4%) 
5 (20%) 


53 +8 
37 £9 
58+ 12 
17 (22%) 
10 (13%) 


LA = left atrial; LV = left ventricular; > moderate MR = moderate or severe mitral 
regurgitation; NS = not significant; SEC = left atrial spontaneous echo contrast. 


were reviewed by 2 independent observers with regard 
to presence or absence of LA spontaneous echo contrast 
and thrombus; both observers were unaware of clinical 
history. When discrepancies occurred, echocardiograms 
were reviewed until a consensus was reached. 

Statistical analysis: The variables between groups 
were compared by Student’s unpaired ź test or chi- 
square test with Yates correction when appropriate. A p 
value <0.05 was considered statistically significant. The 
sensitivity, specificity, and positive and negative predic- 
tive values of LA spontaneous echo contrast for predict- 
ing history of thromboembolism were calculated using 
contingency analysis based on the following definitions: 
sensitivity = TE with SEC/(TE with SEC + TE with- 
out SEC); specificity = no TE without SEC/(no TE 
without SEC + no TE with SEC); positive predictive 
value = TE with SEC/(TE with SEC + no TE with 
SEC); and negative predictive value = no TE without 
SEC/(no TE without SEC + TE without SEC); where 
SEC = LA spontaneous echo contrast, and TE = his- 
tory of thromboembolism. 


RESULTS 

Left atrial spontaneous echo contrast — preva- 
lence and clinical characteristics: LA spontaneous echo 
contrast was not detected in any patient by transthorac- 
ic echocardiography, but was observed in 25 (24.3%) by 
transesophageal echocardiography. Patients were divid- 
ed into 2 groups based on presence or absence of spon- 
taneous echo contrast. Baseline variables of patients 
with and without LA spontaneous echo contrast are list- 


neous echo contrast (arrowheads). 
AO = aorta; LV = left ventricle; RA = right 
atrium; RV = right ventricle. 


328 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 1, 1992 


ed in Table II. The percentage of patients with moder- 
ate or severe mitral regurgitation was significantly low- 
er in those with than without spontaneous echo contrast. 
Age, sex, LA diameter, left ventricular dimensions and 
ejection fraction, and the percentage of lone AF were 
not significantly different between groups. 

Left atrial thrombi and spontaneous echo contrast 
(Figure 1): LA thrombi were observed in 7 patients 
(6.8%) by transesophageal echocardiography; 4 thrombi 
were located in the LA appendage and 3 in the LA 
cavity. In contrast, only 1 thrombus was identified with 
transthoracic echocardiography (Figure 1). LA thrombi 
were found only in patients with spontaneous echo con- 
trast. Thus, LA thrombus was found in 7 of 25 patients 
(28%) with spontaneous echo contrast, but in none of 
the 78 without spontaneous echo contrast (p <0.001). 

Interobserver variability: Diagnostic discrepancies 
with regard to presence or absence of LA spontaneous 
echo contrast were found only in 2 patients, resulting in 
an interobserver variability of 1.9%. There were no 
interobserver differences regarding diagnosis of LA 
thrombi. 

Association of left atrial spontaneous echo con- 
trast with thromboembolic history: Thirty-five patients 
(34%) had history of thromboembolic events before 
echocardiographic studies. In 52 patients with known 
duration of AF, 17 (33%) had history of thromboembol- 
ic events and all events occurred after the onset of AF. 

The association of LA spontaneous echo contrast 
with thromboembolic events is shown in Table III. His- 
tory of cerebral ischemia or peripheral embolism, or 
both, was significantly more frequent in patients with 
than without LA spontaneous echo contrast (84 vs 18%; 
p <0.001). All 7 patients with both LA thrombi and 
spontaneous echo contrast had history of either ischemic 
stroke or peripheral embolism. For predicting history of 
thromboembolic events, the presence of LA spontaneous 
echo contrast revealed a sensitivity of 60%, a specificity 
of 94%, and positive and negative predictive values of 84 
and 82%, respectively (Table IV). Of 35 patients with 
thromboembolic history, 15 were referred for echocar- 
diography in the acute post-thromboembolism period 
(within 2 weeks) and were more frequently associated 
with the presence of spontaneous echo contrast (67%) 
and LA thrombus (33%) than were the remaining pa- 
tients with more remote events (55 and 10%, respective- 
ly); however, the differences were not statistically signif- 
icant. 


DISCUSSION 

Prevalence of left atrial spontaneous echo contrast: 
Spontaneous echo contrast was initially described in the 
left ventricle with severe dysfunction.'> In the left atri- 
um, spontaneous echo contrast was initially observed in 
patients with mitral stenosis by transthoracic echo- 
cardiography.!'®!’ Transesophageal echocardiography is 
known to be a sensitive method for detecting LA pathol- 
ogy.!->67.18 The reported prevalence of transesophageal 
echo-detected LA spontaneous echo contrast ranged 
from 25 to 68.3% in patients wjth mitral stenosis,!,2-67 
and from 30 to 60% in those with mitral valve prosthe- 
ses.':© However, few studies have described the pres- 


TABLE Ill Association of Left Atrial Spontaneous Echo 
Contrast with Thromboembolic History 


Ischemic Peripheral 
Stroke Embolism 


(S) TIA (E) S+E Total 


21 (84%) 
14 (18%) 
p <0.001 


SEC present (n = 25) 14* l 3t 3 
SEC absent (n = 78) 14 0 0 0 


*Left atrial thrombi found in 5 cases. 
tLeft atrial thrombi found in 2 cases. 2 ' 
SEC = left atrial spontaneous echo contrast; TIA = transient ischemic attack. 


TABLE IV Sensitivity, Specificity, and Positive and Negative 
Predictive Values of Left Atrial Spontaneous Echo Contrast for 
History of Thromboembolism 


History of 
Thromboembolic 
Event 


Present Absent 


Spontaneous echo 
contrast 
Present 
Absent 
Total 


Sensitivity = 60%; specificity = 94%; positive predictive value = 84%; and 
negative predictive value = 82%. 





ence of LA spontaneous echo contrast in patients with 
nonrheumatic AF.>~’ In the recent series by Black et 
alf LA spontaneous echo contrast was found in 28 of 
60 patients (47%) with nonvalvular AF referred mainly 
for a suspected embolic event; unlike our study, patients 
with moderate or severe mitral regurgitation were ex- 
cluded. The prevalence of LA spontaneous echo con- 
trast in our patients was lower than that found by Black 
et al, and the difference may be due to different patient 
selection. 

Although the mechanism for the development of LA 
spontaneous echo contrast in nonrheumatic AF is un- 
clear, the influence of several potential determinants 
should be mentioned. First, because LA size is associ- 
ated with the presence of LA spontaneous echo contrast 
in patients with mitral valve disease,!!®!” it is possible 
that a similar association is present in patients with 
nonrheumatic AF. However, we did not observe a larger 
LA diameter in patients with than without spontaneous 
echo contrast. Second, low cardiac output caused by the 
underlying heart disease may contribute to blood stasis 
and therefore the occurrence of spontaneous echo con- 
trast. In the present study, left ventricular chamber size 
and systolic function, and the percentage of lone AF 
were not significantly different between patient groups. 
Thus, it is unlikely that underlying heart disease is pri- 
marily responsible for the presence of LA spontaneous 
echo contrast. Third, loss of synchronous atrial contrac- 
tion itself is likely to be an important precipitating fac- 
tor of LA spontaneous echo contrast.!:!7:!9 The high 
prevalence of LA spontaneous echo contrast in patients 
with nonrheumatic AF suggests that loss of synchro- 
nous atrial contraction causes blood stasis in the LA 
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cavity, even in the absence of mitral stenosis. Finally, 
previous studies suggested that severe mitral regurgita- 
tion prevents stasis in the left atrium.®!’ In agreement 
with this hypothesis, we found that spontaneous echo 
contrast was infrequently associated with significant mi- 
tral regurgitation; however, Castello et al* found exactly 
the opposite in their patients. The difference may be 
related to the different patient groups studied and the 
methods for grading mitral regurgitation. Furthermore, 
whether mitral regurgitant jet direction or velocity af- 
fects the presence of LA spontaneous echo contrast is 
unknown. 

Left atrial thrombus in nonrheumatic atrial fibrilla- 
tion: Patients with nonrheumatic AF have approximate- 
ly 5 times the risk of stroke compared with that of those 
without AF.® It is believed that the increased incidence 
of stroke is probably due to emboli originating from clot 
formation in the left atria.?:'° However, previous trans- 
thoracic echocardiographic studies were unable to docu- 
ment an increased prevalence of LA thrombi in patients 
with nonrheumatic AF.2°?! This may be explained by 
either the insensitivity of transthoracic echocardiogra- 
phy in detecting LA thrombi that are small in size or 
located in the atrial appendage, or the possibility that 
small thrombi spontaneously dislodge shortly after their 
formation. Our data confirm the superiority of transe- 
sophageal echocardiography for detecting LA thrombus 
and indicate that LA thrombus is not uncommon in pa- 
tients with nonrheumatic AF, especially in those with 
history of thromboembolism. These findings suggest an 
important role for transesophageal echocardiography in 
the clinical setting. 

In agreement with previous studies of mitral valve 
disease,!:!®!7 a higher prevalence of LA thrombus was 
observed in our patients with spontaneous echo contrast. 
Furthermore, LA thrombi were only observed in pa- 
tients with spontaneous echo contrast. The data suggest 
that LA spontaneous echo contrast is a precursor of 
thrombus formation in nonrheumatic AF. 

Left atrial spontaneous echo contrast and thrombo- 
embolism: In a previous study, LA spontaneous echo 
contrast was reported to be an important marker of his- 
tory of thromboembolism in a selected patient group 
with nonvalvular AF.6 In that study, >50% of patients 
were referred because of suspected systemic embolism. 
Therefore, it is important to establish the role of LA 
spontaneous echo contrast in nonrheumatic AF in a 
large and unselected population. In the present study, 
patients with LA spontaneous echo contrast more fre- 
quently had history of a thromboembolic event than did 
those without spontaneous echo contrast. This trend has 
also been found in a study of patients with mitral valve 
stenosis or prostheses.' Unlike that study, we found 
a high specificity and positive predictive value of 
LA spontaneous echo contrast in predicting history of 
thromboembolism. These findings suggest that the pres- 
ence of LA spontaneous echo contrast in nonrheumatic 
AF may be a stronger predictor for an increased throm- 
boembolic risk than its presence in mitral valve disease. 

Study limitations: Clinically, it is usually difficult to 
distinguish cerebral thrombotic from embolic events. It 


is possible that the cerebral ischemia in our patients was 
caused by mechanisms other than cardiogenic embo- 
lism. However, autopsy studies report that 50 to 71% of 
AF-associated strokes are cardioembolic.?*?3 Further- 
more, evidence of LA thrombi or documented peripher- 
al embolism was significantly more frequent in our pa- 
tients with than without spontaneous echo contrast. 
Thus, despite the possibility of noncardioembolic cere- 
bral events in our patients, LA spontaneous echo con- 
trast remains a significant indicator for thromboembolic 
risk. 

Whether anticoagulant therapy can effectively sup- 
press LA spontaneous echo contrast is unknown. LA 
spontaneous echo contrast was found in all 5 patients 
who had chronic anticoagulant therapy before the 
echocardiographic studies, suggesting that anticoagu- 
lant therapy may not prevent the development of LA 
spontaneous echo contrast. Further prospective follow- 
up studies are needed to understand the natural history 
of LA spontaneous echo contrast in nonrheumatic AF 
and to investigate the effectiveness of anticoagulant 
therapy. 
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Relation Between QT and RR Intervals During 
Exercise Testing in Atrial Fibrillation 


Frederick A. Ehlert, MD, Jeffrey J. Goldberger, MD, 
James E. Rosenthal, MD, and Alan H. Kadish, MD 


The ability to predict the RR-QT relation over a 


range of heart rates was evaluated in 10 patients 
with atrial fibrillation (AF) and in 10 control sub- 
jects in sinus rhythm. The data from each subject 
were fitted by regression into 3 QT prediction for- 
mulas (the square root formula of Bazett, the cube 
root formula of Fridericia and the exponential for- 
mula of Sarma) applied in standard form and mod- 
ified with a weighted average of the preceding 5 
RR intervals. The goodness-of-fit of each formula 
was evaluated using mean square residual and 
Akaike information criterion. For AF, the mean 
square residuals did not differ among the 3 stan- 
dard QT prediction formulas (Bazett 624 + 274, 
Fridericia 625 + 274 and Sarma 611 + 267) and 
among the 3 modified QT prediction formulas (Ba- 
zett 507 + 325, Fridericia 496 + 255 and Sarma 
495 + 328). The weighted average modification 
produced a significant decrease in mean square 
residuals for all 3 equations (p <0.05) in all pa- 
tients. These findings were confirmed by Akaike 
information criterion. Goodness-of-fit in sinus 
rhythm was similar to previously published re- 
ports, and significantly better than the fit for AF 
(p <0.0001). For 9 of the 10 patients with AF, si- 
nus rhythm electrocardiograms were obtained and 
the above regression equations were used to pre- 
dict QT intervals. Comparing the measured and 
predicted QT intervals, the best correlation was 
produced by the modified form of the Fridericia 
equation (r? = 0.93); the mean r? value was 0.86 
+ 0.07. The proposed modification of previously 
described QT prediction formulas takes into ac- 
count the gradual nature of the influences of the 
preceding RR intervals and may be clinically use- 
ful in correcting the QT interval in AF. 

(Am J Cardiol 1992;70:332-338) 
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represents an indirect measure of repolarization 

of ventricular myocardium. The duration of 
myocardial repolarization and of the QT interval short- 
ens as heart rate is increased. Many formulas have been 
developed to adjust for this phenomenon.!ć The best 
known and most widely used correction formula, de- 
rived by Bazett,' has many well-described limitations,’* 
and the best method of QT interval correction remains 
an unsolved problem. QT interval correction formulas 
have been applied to atrial fibrillation (AF) only infre- 
quently. At a constant heart rate, the action potential 
duration and the QT interval remain relatively con- 
stant.? Instantaneous changes in the heart rate, how- 
ever, may require prolonged periods for the action po- 
tential duration to return to steady state. Work by Seed 
et al!° implies that these instantaneous changes in heart 
rate may affect subsequent QT intervals for as many as 
10 beats, and new steady state conditions for the action 
potential may not occur for several minutes. This find- 
ing potentially limits the applicability of QT correction 
formulas to AF. Also, from a purely technical point of 
view, the beat-to-beat variations of the RR interval in 
AF make accurate heart rate measurements difficult to 
obtain.'! The validity of applying QT correction formu- 
las to patients with AF has not specifically been tested. 
This study evaluates the potential use of these correc- 
tion formulas for AF at a wide range of heart rates. 


Ts QT interval on the surface electrocardiogram 


METHODS 

Ten patients with AF were selected at random from 
a database of patients undergoing treadmill exercise 
testing at our institution. Age, sex and heart disease 
matched control patients in sinus rhythm were obtained 
from that same database. Exclusion criteria were bun- 
dle branch block on resting or exercise electrocardio- 
grams, use of antiarrhythmic medication at the time of 
exercise testing (with the exception of digitalis, calcium 
antagonists or 8 blockers), or use of phenothiazines and 
tricyclic medications at the time of exercise testing. 
Standard symptom-limited exercise testing using the 
Bruce protocol was performed in all patients. Exercise 
electrocardiograms were recorded for 12 seconds at a 
paper speed of 25 mm/s at rest, at the end of each stage 
of exercise and at peak exercise. All RR and QT inter- 
vals during each of these electrocardiograms were man- 
ually measured to the nearest 10 ms. Aberrantly con- 
ducted and ventricular ectopic beats were excluded 
from analysis. For patients in sinus rhythm, the QT in- 
terval was defined as the time between the first deflec- 
tion from the isoelectric PR baseline to the end of the T 
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wave where it intersects the isoelectric TP segment, or 
where it intersects the start of the next P wave. For 
patients with AF, the segment from the end of the T 
wave to the beginning of the next QRS complex was 
taken as the isoelectric baseline. To reproduce more ac- 
curately the physiologic influences responsible for heart 
rate changes noted during daily activities, exercise test- 
ing was selected as the method to evaluate QT interval 
changes over a wide range of heart rates within individ- 
ual subjects.!2-!4 

In all 1,481 RR and QT intervals were measured in 
the 20 patients studied. During the electrocardiogram at 
rest, a mean of 12 + 3 RR and QT intervals were ana- 
lyzed per patient; during the stage I electrocardiogram, 
a mean of 18 + 3 RR and QT intervals were analyzed 
per patient, and at peak exercise a mean of 24 + 4 RR 
and QT intervals were analyzed per patient. 

Accuracy and repeatability of measurements: Mea- 
surements of RR and QT intervals for all 20 patients 
included in this study were made by a single investiga- 
tor (FAE). Duplicate measurements were made by the 
same investigator and by a second investigator (AHK) 
on a subgroup of 11% of the measured intervals. Intra- 
and interobserver variability, expressed as a percentage 
of the mean as suggested by Rose et al,!° were calculat- 
ed for all duplicate measurements. For RR interval 
measurements, the intraobserver variability was 6.0% 
(+29 ms), and the interobserver variability was 6.5% 
(+32 ms). For QT interval measurements, the intraob- 
server variability was 4.0% (+13 ms) and the interob- 
server variability was 5.2% (+17 ms). 

egression equations: From the many QT correc- 
tion formulas that have been used over the past 70 
years, 3 were selected for analysis. Bazett’s formula was 
selected because it is the most widely used QT correc- 
tion formula and has the most extensive body of clinical 
literature. The cubic root formula, developed by Frideri- 
cia,* was selected for analysis based on previous work by 
Puddu et al!6 describing it as the best predictor of the 
QT interval. Likewise, the exponential formula devel- 
oped by Sarma et alí was selected for its previous de- 
scription as the purported best formula. 

Because changes in the RR interval alter ventricular 
repolarization and the QT interval in a gradual fashion, 
a weighted average modification of the RR interval 
used in the above formulas was also analyzed. By re- 
placing the RR interval in the formulas with a weighted 
average of the 5 preceding RR intervals, the gradual 


FIGURE 1. The weighted average RR inter- 
val. To account for the gradual effect of beat- 


This average weighed the more recently oc- 
curring RR interval (RR1) more heavily than 
the more distant RR interval (RRS) and was 


RRS | RR4 


effect of the beat-to-beat variations seen in AF was tak- 
en into account (Figure 1). Using weighing coefficients 
between 0 and 5 and weighing more recent RR intervals 
(RR1) more heavily than less recent RR intervals (i.e., 
RRS), 37 possible permutations of weighing coefficients 
for the 5 RR intervals preceding the QT interval of in- 
terest were considered as possible methods of modifica- 
tion. The modified interval RRmod=(5 - RR1 + 2- RR2 
+ RR3 + RR4 + RRS5)/10 was selected because this 
combination of coefficients produced the smallest mean 
square residual values when substituted in the above 
formulas. 

The RR and QT data from each subject were fitted 
individually by regression analysis into the following 6 
formulas: F1 (Bazett formula), QT = Ae + Bi; 
F2 (Fridericia formula), QT = A; - ?4/RRI1 + B;; F3 
(Sarma formula), QT = A} — B; - exp[—k3-(RR1)]; 
F1M (modified Bazett formula), QT = Al - V RRMoat 
B>; F2M (modified Fridericia formula), QT = A; - 
34/RRMod + Bz; and F3M (modified Sarma formula), 
QT = A; — B; + exp[—k3- (RRmoa)] where An, Bn 
and k, are regression parameters. 

Data analysis: The relative goodness-of-fit to data 
by these formulas was assessed in 2 ways.’ First, it was 
assessed from the mean square residual values. The 
equation with the minimal mean square residual value 
is considered the best representation of a given plot. 
Comparisons of mean square residual values between 
groups and between regression equations were made us- 
ing analysis of variance of simple F test ratios.'’ Sec- 
ond, goodness-of-fit was assessed using Akaike informa- 
tion criterion,'® which allows comparisons of formulas 
with differing numbers of parameters. The Akaike in- 
formation criterion value has no unit and is used only to 
compare different models within a group, all with the 
same number of observations. Therefore, Akaike infor- 
mation criterion was not used to compare patients with 
AF to those with sinus rhythm because of the different 
numbers of observations. Comparisons between equa- 
tions for mean Akaike information criterion values were 
assessed using Wilcoxon’s signed-rank test. 

Predicted QT interval applied to sinus rhythm: For 
patients with AF, resting electrocardiograms recorded 
with the patients in sinus rhythm were also evaluated. 
In these recordings, RR and QT intervals were mea- 
sured in the previously described manner. With use of 
the individual regression equations developed using data 
from the same patients when they had AF, predicted 
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RR2 
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QT intervals were calculated for each measured RR in- 
terval. QT intervals predicted by each regression equa- 
tion were compared with the actual measured QT inter- 
val using regression about the line of identity; r? values 
were determined for each of the 6 QT prediction formu- 
las studied. 

All data are expressed as mean + standard devi- 
ation. The differences in clinical and electrocardio- 
graphic variables between the AF and control groups 
were analyzed using Student’s ¢ test for continuous vari- 


TABLE I Clinical Characteristics and Stress Testing Data for All Patients 


Medications 


1 Digoxin, verapamil 
2 AF 77M CAD Digoxin, nitrates 13 140 
3 AF 61M CAD Digoxin, metoprolol, diltiazem 6.0 149 
4 AF 70M CAD Digoxin, atenolol 7.2 135 
5 AF 64M CAD, AVR Digoxin 9.0 170 
6 AF 70M CAD Digoxin, metoprolol 6.0 180 
7 AF 43M Lone AF Digoxin 9.0 184 
8 AF 38M Lone AF 0 11.0 200 
9 AF 61M Lone AF Atenolol 9.5 195 
10 AF 48F RHD, MR Digoxin, verapamil 4.3 134 
11 SR 65M CAD Verapamil 12.8 164 
12 SR 77M CAD Digoxin, diltiazem, nitrates 6.0 115 
13 SR 57M CAD Nifedipine 12.0 187 
14 SR 67M CAD Verapamil 10.2 131 
15 SR 69M CAD, AVR Atenolol 6.0 150 


Metoprolol 


AF = atrial fibrillation; AVR = aortic valve replacement; CAD = coronary artery disease; HR = heart rate; MR = mitral 
regurgitation; MS = mitral stenosis; RHD = rheumatic heart disease; SR = sinus rhythm. 





Maximal HR 
(beats/min) 


Exercise Time 
(min) 









6.1 150 


ables and chi-square analysis for discrete variables. A p 
values <0.05 was considered significant. 


RESULTS 

Clinical characteristics: The clinical characteristics 
of patients with AF (patients 1 to 10) and control pa- 
tients in sinus rhythm (patients 11 to 20) are listed in 
Table I. In each group, 6 patients had coronary artery 
disease, 3 patients had no evidence of structural heart 
disease and 1 had rheumatic heart disease. Eight of 10 





FIGURE 2. A., mean RR intervals during different stages of exercise stress testing (Bruce protocol); B., mean QT intervals dur- 
ing the same stages of exercise stress testing. AF = atrial fibrillation; SR = sinus rhythm. 


334 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 1, 1992 


OnNoaonhWN rH 


See text for formulas. 


Unmodified 


Bazett’s 


Modified 


Unmodified 


Fridericia’s 


Modified 


Unmodified 


— 


— 
ŒO- m O 0O tO O 0i od 


— 
(S) 


NAUN Ww A => 
WWrNWOANNOD OO 


. 
hp & 


Sarma’s 


Modified 


B3 


104k3 


AF = atrial fibrillation; Modified = formulas using weighted average RR interval [(5 - RR1 + 2- RR2 + RR3 + RR4 + RR5)/10); SR = sinus rhythm; Unmodified = formulas using 


single preceeding RR interval (RR1) only. 


TABLE tll Mean Square Residual Values for Regression Equations of QT Prediction Formulas 


OnN oa af wWNre 


WO 


10 
Mean + SD 


Mean + SD 
Pooled 


Bazett’s 


Unmodified 


831 
400 
631 
1,235 
666 
396 
669 
728 
601 
468 
662 + 245 
1,217 
142 
119 
641 
141 
86 
146 
43 
61 
163 
112 
165 + 172 

364 


592 
517 
264 
1,373 
521 
279 
448 
476 
384 
390 
524 + 316 
1,054 
114 
76 
552 
131 
70 
117 
40 
48 
113 
105 
139 + 158 

325 


Fridericia’s 


Unmodified 


730 

600 

469 
665 + 248 

1,207 

143 

118 

521 

140 

88 

149 

43 

58 

148 

108 
Loe i350 

363 


Modified 


591 
517 
267 


1,136 


523 
301 
461 
572 
387 
392 


515 + 244 


132 + 144 


321 


Sarma’s 
Unmodified 


810 
395 
632 
1,226 
663 
380 
657 
727 
598 
473 
656 + 244 
1,202 
142 


144 + 140 
361 


Modified 


551 
518 
258 
1,370 
518 
235 
435 
454 
381 
386 


511 + 320 


1,048 
103 
70 
528 
130 
69 
114 
40 
43 
62 
68 


123 + 145 


317 





See text for formulas. 
Abbreviations as in Table Il. 
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patients with AF were taking digoxin compared with 1 
of 10 control subjects (p <0.01). Also, patients with AF 
exercised an average of 7.2 + 2.9 minutes with the 
Bruce protocol versus 10.3 + 3.5 minutes for control 
subjects (p = 0.05). All patients were able to attain 
stage I of the Bruce protocol. 

RR and QT interval response: For patients with AF, 
mean RR intervals were 708 + 225 ms at rest, 480 + 
107 ms at stage I of the Bruce protocol (p <0.0001 vs 
rest) and 373 + 98 ms at peak exercise (p <0.0001 vs 
rest and stage I) (Figure 2A). The mean QT intervals 
were 365 + 155 ms at rest, 318 + 36 ms at stage I of 
the Bruce protocol (p <0.0001 vs rest) and 280 + 45 ms 
at peak exercise (p <0.0001 vs rest and stage I) (Figure 
2B). For control patients, mean RR intervals were 782 
+ 155 ms at rest, 571 + 87 ms at stage I of Bruce 
protocol (p <0.0001 vs rest) and 396 + 59 ms at peak 
exercise (p <0.0001 vs rest and stage I) (Figure 2A). 
Mean QT intervals were 373 + 36 ms at rest, 334 + 26 
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ms at stage I of Bruce protocol (p <0.0001 vs rest) and 
277 + 29 ms at peak exercise (p <0.0001 vs rest and 
stage I) (Figure 2B). Differences in RR intervals be- 
tween patients with AF and control subjects were sig- 
nificant at rest (p = 0.003), at stage I of exercise 
(p = 0.0001) and at peak exercise (p = 0.0004). Differ- 
ences in QT intervals between patients with AF and 
control subjects were significant only at stage I of exer- 
cise (p = 0.0001). 

RR-QT relation: Regression parameters for all 6 for- 
mulas calculated for each patient are presented in Table 
II. Mean square residual values, used to describe the 
goodness-of-fit of each regression formula, were calcu- 
lated for each patient and are presented in Table III. 
For the 10 patients with AF, mean square residual val- 
ues demonstrated no significant difference among the 3 
different QT correction formulas applied without the 
weighted average modification. No significant differ- 
ence existed among the mean square residual values for 
the 3 different QT correction formulas applied with the 
weighted average modification applied to them. In all 
10 patients with AF, the weighted average modification 
produced a significant decrease in mean square resid- 
ual for each of the 3 equations: p = 0.05 for the Ba- 
zett equation, p = 0.01 for the Fridericia equation and 
p = 0.05 for the Sarma equation. These findings were 
confirmed by Akaike information criterion. There was 
no significant difference in mean Akaike information 
criterion values for the 3 different QT correction formu- 
las applied without modification (Bazett 770 + 330, 
Fridericia 770 + 330 and Sarma 770 + 329). For the 3 
QT correction formulas with the weighted average mod- 
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aria deranii A Anii aisoran acadlicelbte: See text 
for formulas. 
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ification, there was no significant difference in mean 
Akaike information criterion values (Bazett 710 + 303, 
Fridericia 730 + 319 and Sarma 726 + 311). Also, 
the weighted average modification produced a signifi- 
cant decrease in the mean Akaike information criterion 
for each of the 3 equations: p = 0.003 for the Bazett 
equation, p= 0.001 for the Fridericia equation and 
p = 0.005 for the Sarma equation. Data pooled from all 
10 patients with AF are also presented in Tables II and 
III. 

In the 10 control patients, no significant difference 
existed among the 3 QT correction formulas applied 
without modification (Table II). This finding was con- 
firmed by mean Akaike information criterion values 
(Bazett 796 + 338, Fridericia 791 + 331 and Sarma 
787 + 330). For the 3 QT correction formulas with the 
weighted average modification, the mean square residu- 
al values were 139 + 158 for the Bazett equation, 132 
+ 144 for the Fridericia equation and 123 + 145 for the 
Sarma equation (p=0.04 Bazett vs Sarma). Mean 
Akaike information criterion values did not differ sig- 
nificantly between the 3 QT correction formulas with 
the weighted average modification (Bazett 759 + 325, 
Fridericia 753 + 327 and Sarma 759 + 345). For all 
3 equations, the weighted average modification pro- 
duced significantly lower mean square residual values 
(p = 0.007 for the Bazett equation, p= 0.01 for the 
Fridericia equation and p = 0.003 for the Sarma equa- 
tion). Mean Akaike information criterion values con- 
firmed the finding of better fits with the weighted aver- 
age modification (p = 0.001 for the Bazett equation, 
p = 0.001 for the Fridericia equation and p = 0.01 for 
the Sarma equation). Goodness-of-fit in sinus rhythm 
was significantly better than the fit for AF (p <0.0001) 
across all regression equations. Data pooled from all 10 
control patients are also presented in Tables II and III. 

Predicted QT interval applied to sinus rhythm: In 
9 of the 10 patients with AF, electrocardiograms re- 
corded while in sinus rhythm were available. These si- 
nus rhythm electrocardiograms were recorded 28 + 24 
months before stress testing in AF used to develop the 
regression equations. Seven of the 9 patients were tak- 
ing no antiarrhythmic medication at the time of the si- 
nus rhythm electrocardiogram. In these patients, the 
measured QT interval in sinus rhythm was compared 
with the predicted QT intervals calculated by applying 
the regression equations developed from the AF data. 
There was excellent correlation between predicted and 
actual values; a comparison of the measured with the 
predicted QT intervals for the 3 equations with the 
weighted average modification are shown in Figure 3. 
Regression about the line of identity yielded r? rang- 
ing from 0.74 for the Fridericia equation without the 
weighted average modification to 0.93 for the Frideri- 
cia equation with the weighted average modification 
(mean = 0.86). In patients 2 and 7, the only sinus 
rhythm electrocardiograms available were obtained 
with the patients taking type la antiarrhythmic drugs 
(quinidine and procainamide, respectively). In these 2 
patients, the measured QT intervals (565 ms in patient 
2, 445 ms in patient 7) are longer than the QT intervals 
predicted by the regression equations developed in the 


drug-free state while the patients had AF. In patient 8, 
an electrocardiogram in sinus rhythm was not available. 


DISCUSSION 

Major findings: The present study shows that the 
previously described QT prediction equations of Bazett, 
Fridericia and Sarma, which were developed from sinus 
rhythm data, can be used to predict the RR-QT interval 
relation in patients with AF. Modification of these for- 
mulas with a weighted average of the 5 preceding RR 
intervals improved the fit of all 3 equations to RR-QT 
interval data. All 3 equations with the weighted average 
modification produced a similar fit to data from pa- 
tients with AF. The weighted average modification also 
improved the ability of the formulas to predict the RR- 
QT interval relation in sinus rhythm. Additionally, re- 
gression equations developed from AF data could be ap- 
plied to sinus rhythm data in those same patients. 

Previous work: Since 1920 when Bazett! proposed 
his square root correction formula, QT = QTc +/RR, 
and Fridericia? proposed his cubic root correction for- 
mula, many methods have been proposed to relate RR 
and QT intervals in human subjects. None of these cor- 
rection formulas have been specifically applied to pa- 
tients in AF. Some previous studies analyzing the RR- 
QT relation have included patients with AF. Puddu et 
al,'® in the evaluation of several QT prediction formu- 
las, did include 5 patients with AF among the 881 pa- 
tients studied. That study looked at resting electrocar- 
diograms from a residential cohort and sampled 5 beats 
per electrocardiogram for analysis (10 beats per electro- 
cardiogram were analyzed for patients with AF). Puddu 
concluded that Fridericia’s formula produced the best 
fit to data. However, only resting electrocardiograms 
were used, and AF data were not analyzed separately. 
The present study is the first analysis of the RR-QT 
relation specifically in patients with AF. 

In the present study, the goodness-of-fit of the 3 QT 
prediction equations applied in standard fashion to RR- 
QT interval data from 10 control patients was similar to 
previously reported values.*!6 The best fit to data, as 
assessed by the mean square residual, was provided by 
the exponential Sarma equation (mean = 144 + 140), 
which also confirmed previously reported work on sinus 
rhythm.° For RR-QT interval data from 10 patients in 
AF, no significant difference existed in the goodness-of- 
fit provided by the 3 equations applied in standard fash- 
ion. Also, all 3 equations described the RR-QT interval 
relation less well for patients with AF than for control 
patients. Mean square residual values obtained with the 
same equations in the patients with AF were 3 to 4 
times higher than control subjects in sinus rhythm. 

Beat-to-beat variability exists in RR intervals and 
wide variations in heart rates are seen in patients with 
AF. In an attempt to account for these variations, a 
weighted average RR interval was developed that in- 
cluded the preceding 5 beats. This average RR interval 
was designed to weigh more heavily the effect of more 
recently occurring RR intervals on the subsequent QT 
interval. The number of RR intervals used in this modi- 
fication was limited to 5 because of the increasing com- 
plexity of calculations and the decreasing number of 
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data points subsequently available for analysis. The 
weighted average RR interval, when applied to the 3 
QT prediction formulas, significantly improved the fit 
to data for patients with AF. However, even with the 
weighted average modification the fit of formulas to 
data from AF does not reach the level of fit achieved 
with data from sinus rhythm. This may occur because 
instantaneous changes in the RR interval may create 
changes in repolarization and subsequent QT intervals 
that persist for extended periods of time.!° 

All 6 prediction formulas were able to accurately 
predict QT intervals with r? =0.74. However, for pa- 
tients with AF, prediction formulas with the weighted 
average modification produced a significantly better fit 
than did those without modification, and the fits of all 3 
formulas with the weighted average modification were 
similar. Because little difference existed between the 
modified formulas, it seems reasonable to apply the sim- 
plest and most widely used formula (Bazett) when pos- 
sible. 

Study limitations: All intervals were measured by a 
single observer and were measured manually at a paper 
speed of 25 mm/s. However, the coefficient of variabili- 
ty for intraobserver measurements was <6.0% and for 
interobserver measurements was <6.5%. Whereas pre- 
vious studies of a similar nature have used a variety of 
paper speeds and measuring techniques, the method we 
used in this study has the greatest similarity to existing 
practice for both stress testing and routine electrocar- 
diograms. These methods are readily applicable in the 
clinical setting. 

Although the control group of patients was matched 
for age, sex and heart disease, significantly more pa- 
tients with AF were taking digoxin at the time of this 
study than were control patients. The effects of digoxin 
on myocardial repolarization and QT interval duration 
are not fully understood and may affect the QT inter- 
val_19.20 

Difficulties in determining the termination of the 
QT interval may also affect these results. At higher 
heart rates, P waves in sinus rhythm frequently fall in 
the terminal portion of the T wave; this point is, by our 
definition, the end of the QT interval. In AF, the over- 
lap of atrial activity is more variable and smaller, the 
end of the T waves would be on the average later and 
the resulting QT intervals would be longer. In AF, the 
longer QT intervals may not fit existing QT correction 
formulas, which have been criticized for “overcorrect- 
ing” at higher heart rates.>! 

Finding the best fit of an empirical formula to a set 
of data points is a difficult statistical process. Two dis- 


tinct statistical testing methods were used in this analy- 
sis: Mean square residuals were used to compare groups 
with differing numbers of observations, and Akaike in- 
formation criterion was used to allow comparisons be- 
tween formulas with different numbers of parameters. 
Both methods confirm the stated conclusions. 
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A Controlled Trial of Acute and Long-Term 


Medical Therapy in Tilt-Induced Neurally 





Mediated Syncope 


Michele Brignole, MD, Carlo Menozzi, MD, Lorella Gianfranchi, MD, Gino Lolli, MD, 
Nicola Bottoni, MD, and Daniele Oddone, MD 


To study the efficacy of medical treatment for pre- 
venting syncopal recurrences in patients affected 
by tilt-induced neurally mediated syncope, a ran- 
domized placebo-treatment prospective study was 
performed in 30 patients (10 men and 20 women, 
mean age 42 + 21 years) who had syncope repro- 
duced in 2 consecutive head-up tilt-table tests 
without pharmacologic intervention (n = 20) or 
during isoproterenol infusion (n = 10). Patients 
were randomly assigned to 2 groups: 15 to place- 
bo, and 15 to drug therapy (determined on the ba- 
sis of serial pharmacologic tilting tests). Therapy 
was either atenolol (n = 7), dihydroergotamine 

(n = 2), domperidone ín = 2), cafedrine (n = 1), or 
elastic compression stockings, alone or in associa- 
tion with drugs (n = 3). 

During a mean of 10 + 7 months of follow-up, 
syncope recurred in 3 patients (20%) in the treat- 
ment group and in 4 (27%) in the placebo group; 
actuarial rates of absence of syncopal recurrences 
after 20 months were 70 and 67%, respectively. 

Thus, the outcome of either treated or untreat- 
ed patients was favorable (with a low recurrence 
rate of syncope), and the usefulness of tilting-guid- 
ed medical therapy remains uncertain. 

(Am J Cardiol 1992;70:339-342) 
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t is generally accepted that a positive response to 
[inet tilt-table testing suggests a diagnosis of 

neurally mediated syncope in patients with unex- 
plained syncope.'~> The efficacy of medical treatment 
for preventing syncopal recurrences is controversial. The 
identification of effective prophylactic medications by 
means of serial pharmacologic tilt tests may be helpful. 
We performed a randomized prospective trial compar- 
ing 2 homogeneous groups of patients assigned to place- 
bo or tilt-guided medical therapy. 


METHODS 

Patient selection: Hospitalized patients with fre- 
quent, recurrent, unexplained syncope and presyncope 
were eligible for inclusion in the study. Identifiable 
causes of symptoms were excluded by means of a care- 
ful history, full physical examination, neurologic evalua- 
tion, 12-lead electrocardiogram, 24-hour ambulatory 
monitoring, chest x-ray, echocardiographic evaluation 
and any other test necessary for the definite evaluation 
of any clinical or historical finding suggestive of another 
cause of symptoms. 

Study design: Initially, 51 patients were identified 
for inclusion in the study (Figure 1); each patient un- 
derwent a baseline head-up tilt-table test at 60° for 60 
minutes, with a positive response defined as the abrupt 
development of syncope in association with hypotension 
or bradycardia, or both. If no positive response occurred 
at baseline conditions, the patient was lowered into the 
supine position at the end of the 60-minute period. Af- 
ter a resting period of 30 minutes, head-up tilt-table 
testing was repeated during continuous infusion of iso- 
proterenol at successive incremental doses of 1, 3 and 5 
ug/min. During each step of the protocol, the patient 
was returned to the supine position either when a posi- 
tive response was achieved or after 10 minutes of up- 
right tilt. The methodology of head-up tilt-table testing 
is standardized and was previously validated and de- 
scribed.3>.6 

The 36 patients with a positive response to 1 test 
underwent the reproducibility study; the other 15 were 
thought to have unexplained syncope and served as the 
control group. 

Reproducibility: The day after the first head-up tilt- 
table test, 36 positive patients (either before or during 
isoproterenol infusion) underwent a second tilt test with 
the same modality as the previous positive one to evalu- 
ate the reproducibility of the test. A reproducible posi- 
tive response was present in 30 patients who constituted 
the study group (Table I). 
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TABLE | Characteristics of Patients 


Negative 
Head-Up 
Tilt Test 


Positive 
Head-Up 
Tilt Test 


No. of pts. 30 15 
Age (yr + 1 SD) 42 +21 50 + 20 
(range 15-81) (range 16-70) 
10 (33%) 6 (40%) 
1 (3%) 3 (20%) 
0 (0%) 2 (13%) 
2 (7%) 3 (20%) 


Men 
Associated heart disease 
Cardiac enlargement 
ECG abnormalities 
Syncopes 

Mean no. of syncopal epi- 


6.2 + 9.3 re ey i 
sodes + 1 SD 
Mean no. during last year 
+1SD 
History of situational epi- 
sodes 
Associated presyncope 
Total pts. 
> 1 episode/mo 
Head-up tilt type* 
Vasodepressive 
Mixed 


2i +18 2.62.59 


20 (67%) 6 (40%) 


26 (87%) 
13 (43%) 


14 (93%) 
8 (53%) 


12 (40%) 
18 (66%) 
*Mixed head-up tilt was defined when both hypotension and bradycardia <60 


beats/min were induced, and vasodepressive when hypotension alone was induced. 
ECG = electrocardiographic. 





Drug testing: Initially, study group patients under- 
went a randomized trial involving serial pharmacologic 
tilt-table tests to assess the acute effects of certain medi- 
cations. The following drugs were evaluated: cafedrine 
(200 mg twice daily), dihydroergotamine (6 mg, 3 times 
daily), domperidone (20 mg, 3 times daily) and atenolol 
(100 mg/day). Two drugs were tested in each patient; 
the selection and sequence of the 2 drugs were deter- 
mined according to a randomization table. The response 
to head-up tilt-table testing was reevaluated 23 days 
after the initiation of each therapy. Success was defined 
as the prevention of syncope and premonitory syncopal 
symptoms in association with hypotension or bradycar- 
dia, or both. At least 1 drug produced successful results 
in 12 patients. Another head-up tilt-table test with elas- 
tic compression stockings (alone or in combination with 


Long-term 
outcome 
study 


PLACEBO 
15 pts 


THERAPY 
15 pts 


FIGURE 1. Study design (see text). HUT-B = head-up tilt test 
without pharmacologic intervention (baseline); HUT-ISO = 
head-up tilt test during isoproterenol infusion. 
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TABLE II Results of Pharmacologic Tilting Tests (performed in 
30 patients with reproducible positive head-up tilt test) 


Drug Success 


Isoproterenol 
Head-Up Tilt Test 


Baseline 
Head-Up Tilt Test 


4/8 (50%) 
7/10 (70%) 
7/13 (54%) 

4/9 (44%) 


6/6 (100%) 
3/6 (50%) 
1/2 (50%) 
1/6 (17%) 


Atenolol 

Cafedrine 
Dihydroergotamine 
Domperidone 


drugs) was performed and was effective in preventing 
syncope in the 3 remaining patients in whom the drugs 
were unsuccessful or caused side effects. 

Chronic therapy and follow-up: Before discharge 
from the hospital, patients were randomized to receive 
placebo (n = 15) or drugs (n = 15). The randomizing 
sequence was obtained from a table of random num- 
bers. The same agents that were successfully tested in 
the acute study were assigned to the patients random- 
ized to receive treatment: atenolol (n = 7), dihydroego- 
tamine (n = 2), domperidone (n = 2), cafedrine (n = 
1), or elastic compression stockings, alone (n = 1) or in 
combination with atenolol (n= 1) or dihydroergota- 
mine (n = 1). 

All control patients (tilt-negative) received placebo 
therapy. 

During follow-up, patients were trained to record 
their symptoms daily in a diary according to the follow- 
ing definitions: syncope = sudden unexplained loss of 
consciousness; and presyncope = premonitory signs and 
symptoms of imminent syncope requiring patients to 
change posture or preventing activity. Patients were ex- 
amined every 2 months. Follow-up was subdivided into 
2-month periods, and the percentage of symptomatic 
and asymptomatic periods was calculated. 

Follow-up ended when recurrence of symptoms 
needed change of the assigned therapy, when treatment 
had to be interrupted because of side effects or for other 
reasons, or at the conclusion of the study. 

Statistical analysis: Student’s ¢ test for unpaired 
data was used for quantitative comparisons, the Fisher 
exact test was used for comparison between proportions, 
and the symptom-recurrence rate of the study cohorts 
was estimated with the Kaplan-Meier actuarial life ta- 
ble method and compared with p value based on log- 
rank test. 


RESULTS 

Reproducibility of the baseline head-up tilt-table test 
was 80%, with syncope occurring after a similar time 
(first test: 23 + 18 minutes; and second test: 26 + 19 
minutes); reproducibility of head-up tilt testing during 
isoproterenol was 91%, with a similar time elapsing be- 
fore syncope (first test: 17 + 9 minutes; and second test: 
26 + 11 minutes) (Figure 1). 

The results of acute pharmacologic tests are summa- 
rized in Table II. 

The results of follow-up (Table III) showed no sig- 
nificant difference between groups concerning the re- 
currence of symptoms and their frequency. In the treat- 
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ment group, syncope recurred with atenolol (2 of 7 
cases) and cafedrine (1 of 1). The actuarial rates of ab- 
sence of syncopal recurrences (Figure 2) at 20 months 
were 70, 67 and 86% for the treatment and placebo 
arms of the tilt-positive group, and the control group, 
respectively. 

Syncopal recurrences caused no major trauma or re- 
lated illnesses; 1 patient died of cancer. 


DISCUSSION 

The main result of this study is that the recurrence 
rate of syncope and presyncope in severely symptomatic 
tilt-positive patients treated with tilt-guided medical 
therapy is similar to that of those treated with placebo 
(tilt-positive or negative). However, in all groups, the 
outcome was relatively favorable, with a low recurrence 
rate of syncopal episodes and without any serious relat- 
ed complications. Thus, the inability to demonstrate a 
long-term favorable effect of the medications that ap- 
peared to be effective during the acute study partly de- 
pends on the unexpected low recurrence rate of symp- 
toms in the placebo group. 

Before the introduction of the head-up tilt test in the 
screening of syncope, a low recurrence rate of symptoms 
was previously observed in untreated patients with un- 
explained syncope and nondiagnostic electrophysiologic 
studies.’ In our study, the explanation for the high re- 
mission rate is unclear. Possible explanations include: 
the psychological effect of the placebo, the emotional 
beneficial effect when patients learned that they were 
not affected by serious abnormalities, the instructions 
(received during hospitalization) to recognize the pro- 
dromic symptoms to prevent syncope, or the sporad- 
ic and unpredictable nature of neurally-mediated syn- 
copes. 

Mechanism of tilt-induced syncope, and mode of 
action of drugs: Acute pharmacologic tests showed that 
when administered orally, these drugs diminished sus- 
ceptibility to the induction of neurally mediated syncope 
in a significant number of patients. The percentage of 
negative tests was significantly higher than that ob- 
served without therapy in the study of reproducibility 
(55 vs 20% [p <0.004] for baseline head-up tilting; and 
55 vs 9% [p <0.01] for isoproterenol tilting). Because 
the outcome of patients who had tilting-guided therapy 
was similar to that of the placebo group, this study 
could not demonstrate that serial pharmacologic studies 
can predict the medium-term efficacy of the therapy. 

The mechanism of action of these drugs is not well- 
known, although it is likely that they act at different 
points of the reflex arc through different modalities. 

The pathophysiologic mechanism responsible for the 
syncope elicited by head-up tilting appears to be the 
sudden decrease in venous return to the heart caused by 
the assumption of upright posture that may result in 
very vigorous ventricular contractions activating mecha- 
noreceptors (C fibers) located in both ventricles.**? 
This sudden increase in neural traffic ultimately trig- 
gers systemic vasodilation and bradycardia.*!° 

Cafedrine (norefedrine ethyltheophylline) is a the- 
ophylline derivative that has been used in the treatment 
of hypotension; it enhances cardiac stroke volume, ar- 


TABLE Ili Follow-Up Results 







Positive-Tilt Group Negative- 
Tilt 
Therapy Placebo Group 


(n = 15) (n = 15) (n = 15) 


















Follow-up (mos) 10.7 + 7.3 9.3 + 6.7 14.1 + 6.5 


Syncope 
Pts. 3 (20%) 4 (27%) 2 (13%) 
Episodes 12 5 12 
Presyncope 5 (33%) 5 (33%) 10 (67%) 
Symptomatic 2-month 8/71 (11%) 11/69(16%) 11/78 (14%) 
periods 
Withdrawal 5 (33%) 6 (40%) 5 (33%) 
Side effects or others 2 l 2 
Symptom recurrence 3 5 3 





teriovascular resistance and venous return without af- 
fecting heart rate.!! Dihydroergotamine is an ergot- 
amine derivative with vasoconstrictive properties in ca- 
pacitance vessels. Although its effect is weak when 
administered orally, 1 small study suggested that high- 
dose oral dihydroergotamine may be useful.!? Beta-1 
adrenergic (“cardioselective”) blocking drugs may be 
useful in preventing reflex hypotension-bradycardia, 
presumably, in part, on account of their negative ino- 
tropic action. Domperidone antagonizes dopaminergic 
transmission, and probably inhibits the vasodilator and 
natriuretic action of dopamine.'!? 

Comparison with other studies: Other studies of 
various medical treatments of tilt-positive neurally me- 
diated syncope showed a low recurrence rate of syncope 
similar to that observed in the present study.*:!4-!® The 
drugs used in these studies were scopolamine, disopyra- 
mide, 8 blockers and etilephrine. Until now, cafedrine, 
domperidone and dihydroergotamine were not studied 
in this syndrome. All the aforementioned studies had 
been designed as open studies without including a con- 
trol placebo group. Therefore, the low recurrence rate of 
symptoms was attributed to a favorable effect of medi- 
cation. However, our results suggest that the outcome 
would probably have been good even without therapy. 


% ABSENCE 
OF SYNCOPE 
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80 therapy (n=15) 
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FIGURE 2. Actuarial rate of absence of syncope (Kaplan- 

Meier estimate) in the group of patients affected by tilt-in- 
duced neurally mediated syncope who were randomized to 
placebo or therapy, and in the group of tilt-negative control 
patients. 
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Clinical implications: Given the high rate of sponta- 
neous remission of symptoms and the poor results of 
medication, is there any merit in treating patients who 
have tilt-induced neurally mediated syncope? If there is, 
which patients should be treated? 

Our data suggest that even without medication, most 
patients with frequent recurrent symptoms have a good 
outcome free of recurrences and complications after 
hospitalization for syncope. Thus, in general, treatment 
can be reserved for patients who continue to have fre- 
quent recurrences or have had syncope during activity 
at risk (i.e., driving an automobile, and so forth). 


REFERENCES 

1. Kenny RA, Ingram A, Bayliss J, Sutton R. Head-up tilt: a useful test for 
investigating unexplained syncope. Lancet 1986;2:1352-1354. 

2. Fitzpatrick A, Sutton R. Tilting towards a diagnosis in recurrent unexplained 
syncope. Lancet 1989;1:858-860. 

3. Almquist A, Goldenberg JF, Milstein S, Chen MY, Chen X, Hansen R, 
Gornick CG, Benditt DG. Provocation of bradycardia and hypotension by isopro- 
terenol and upright posture in patients with unexplained syncope. N Engl J Med 
1989;320:346-351. 

4. Raviele A, Gasparini G, Di Pede F, Delise P, Bonso A, Piccolo E. Usefulness of 
head-up tilt test in evaluating patients with syncope of unknown origin and 
negative electrophysiological study. Am J Cardiol 1990;65:1322-1327. 

5. Brignole M, Menozzi C, Gianfranchi L, Oddone D, Lolli G, Bertulla A. 
Carotid sinus massage, eyeball compression and head-up tilt test in patients with 
syncope of uncertain origin and in healthy control subjects. Am Heart J 


1991;122:1644-1651. 

6. Fitzpatrick AP, Theodorakis G, Vardas P, Sutton R. Methodology of head-up 
tilt testing in patients with unexplained syncope. J Am Coll Cardiol 1991;17: 
125-130. 

7. Kushner J, Kou W, Kadish A, Morady F. Natural history of patients with 
unexplained syncope and a nondiagnostic electrophysiologic study. J Am Coll 
Cardiol 1989;14:391-396. 

8. Mark AL. The Bezold-Jarish reflex revisited: clinical implications of inhibitory 
reflexes originating in the heart. J Am Coll Cardiol 1983;1:90-102. 

9. Benditt DG, Remole S, Bailin S, Dunnigan A, Asso A, Milstein S. Tilt table 
testing for evaluation of neurally-mediated (cardioneurogenic) syncope: rationale 
and proposed protocols. PACE 1991;14:1528-1537. 

10. Glick C, Yu PN. Hemodynamic changes during spontaneous vasovagal 
reactions. Am J Med 1963;34:42-47. 

11. Martindale Extrapharmacopeia. London: Pharmaceutical Press, 1989:1551. 
12. Chobanian AV, Tift CP, Faxon DP, Creager MA, Sackel H. Treatment of 
chronic orthostatic hypotension with ergotamine. Circulation 1983;67:602-609. 
13. Destree A, Leys D, Delisse B, Warot P. Orthostatic hypotension due to 
diabetic autonomic neuropathy? Treatment with domperidone (letter). Arch 
Neurol 1987;44:11. 

14. Abi-Samra F, Maloney JD, Fonad-Tarazi FM, Castle LW. The usefulness of 
head-up tilt testing and hemodynamic investigations in the workup of syncope of 
unknown origin. PACE 1988;11:1202-1214. 

15. Milstein S, Buetikofer J, Dunnigan A, Benditt DG, Gornick C, Reyes WJ. 
Usefulness of disopyramide for prevention of upright tilt-induced hypotension- 
bradycardia. Am J Cardiol 1990;65:1339-1344. 

16. Sra JS, Anderson AJ, Sheikh SH, Avitall B, Tchou PJ, Troup PJ, Gilbert CJ, 
Akhtar M, Jazayeri MR. Unexplained syncope evaluated by electrophysiologic 
studies and head-up tilt testing. Ann Intern Med 1991;114:1013-1019. 

17. Grubb BP, Temesey-Armas P, Hahu H, Elliott I. Utility of upright tilt-table 
testing in the evaluation and management of syncope of unknown origin. Am J 
Med 1991;90:6-10. 

18. Blanc JJ, Corbel C, Mansourati J, Genet L. Evaluation of beta-blocker 
therapy in vasovagal syncope reproduced by the head-up tilt test. Arch Mal Coeur 
1991;84:1453-1457. 


342 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 1, 1992 


-once-a-day 


for 24-hour 





ANTE The originators of metoprolol. 


*please see full prescribing information on last page of this advertisement 


meme ol succinate) 
-extende dreleasetablets 





TOPROL XL, the first once-a-day metoprolol” 


© B,-blockade of TOPROL XL is comparable to immediate 


release metoprolol tablets given two to four times daily 





e When given at 50 mg once daily, TOPROL XL lowers blood 
pressure 24 hours post-dosing’ 


Available in 50, 100, and 200 mg tablets 


ANTE The originators of metoprolol. 


Astra Pharmaceutical Products, Inc. Westborough, MA 01581 


*indicated for hypertension and angina 











ae Plasma concentration ot 


S00 E A CE 





500 insnetiatin release metoprolol 
S banshee once- — E Diminishin 
| Cardioselectivity 
= 400 
S 
e 
= .300:5. e © e o o oo ee er er ooo’ o one 
2 
= 
= | 
S 200 
E Toprol XL 100 mg once-daily 
100 
0) a Gees ia ede Ath, ‘Eee aa aa y sii Sisk; Sts page te re rae, ee Ras ie LS ie, Con TS) sa aN r 
0 2 6 9 12 24 
Time (hours) 


Graph reproduced with revisions and permission from Sandberg et al.” 


* The concentration-effect curve 


ins reaching a plateau between 200-300 nmol/L, 


and higher plasma levels produce ittie additional beta -blocking effect. The relative 
beta,-selectivity of metoprolol diminishes and blockade of beta,-adrenoceptors 
increases at higher plasma concentrations 


Coated for easier swallowing 


= | | \ \ 
= aH eee Soe ae 
Tablet forming—— 
excipients —— Metoprolol 
| succinate core 


'—— Coating layer 


The TOPROL XL delivery system 
releases metoprolol at a controlled 
and predictable rate’ 





e TOPROL XL is a proprietary formulation that provides the 
benefits of extended release tablets 


e TOPROL XL has been used in over 1,000,000 patient-years 


worldwide’ 


Please see full prescribing information on following page. 


TOPROL XL” TABLETS 


(Metoprolol succinate) 


Extended Release Tablets 
Tablets: 50 mg, 100 mg, and 200 mg 


DESCRIPTION 

Toprol XL, metoprolol succinate, is a beta;-selective (cardioselective) adrenoceptor block- 
ing agent, for oral administration, available as extended release tablets. Toprol XL has been 
formulated to provide a controlled and predictable release of metoprolol for once daily 
administration. The tablets comprise a multiple unit system containing metoprolol succinate 
in a multitude of controlled release pellets. Each pellet acts as a separate drug delivery unit 
and is designed to deliver metoprolo! continuously over the dosage interval. The tablets 
contain 47.5 mg, 95 mg and 190 mg of metoprolol succinate equivalentto 50, 100 and 200 
mg of metoprolol tartrate, USP, respectively. Its chemical name is (+)1~-\isopropylamino)-3- 
[p-(2-methoxyethy!) phenoxy]-2-propanol succinate (2:1) (salt). Its structural formula is: 
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Metoprolol succinate is a white crystalline powder with a molecular weight of 652.8. It is 
freely soluble in water; soluble in methanol; sparingly soluble in ethanol; slightly soluble in 
dichloromethane and 2-propanol; practically insoluble in ethyl-acetate, acetone, diethylether 
and heptane. Inactive ingredients: Silicone dioxide, Cellulose compounds, Acetyltributyl cit- 
rate, Maize starch, Lactose powder, Polyvidone, Magnesium stearate, Polyethylene glycol, 
Titanium dioxide, Paratfin. 


CLINICAL PHARMACOLOGY 

Metoprolol is a beta, -selective (cardioselective) adrenergic receptor blocking agent. This 
preferential effect is not absolute, however. and at higher plasma concentrations, metopro- 
lol also inhibits betag-adrenoreceptors, chiefly located in the bronchial and vascular muscu- 
lature. Metoprolol has no intrinsic sympathomimetic activity, and membrane-stabilizing 
activity is detectable only at plasma concentrations much greater than required for beta- 
blockade. Anima! and human experiments indicate that metoprolol slows the sinus rate and 
decreases AV nodal conduction. 

Clinical pharmacology studies have confirmed the beta-blocking activity of metoprolol in 
man, as shown by (1) reduction in heart rate and cardiac output at restand upon exercise, 
(2) reduction of systolic blood pressure upon exercise, (3) inhibition of isoproterenol- 
induced tachycardia, and (4) reduction of reflex orthostatic tachycardia. 

The relative beta,-selectivity of metoprolol has been confirmed by the following: (1) In nor- 
mal subjects, metoprolol is unable to reverse the betag-mediated vasodilating effects of 
epinephrine. This contrasts with the effect of nonselective beta-blockers, which completely 
reverse the vasodilating effects of epinephrine. (2) In asthmatic patients, metoprolol 
reduces FEV, and FVC significantly less than a nonselective beta-blocker, propranolol, at 
equivalent beta, -receptor blocking doses. 

In five controlled studies in normal healthy subjects, the same daily doses of Toprol XL and 
immediate release metoprolol were compared in terms of the extent and duration of beta, - 
blockade produced. Both formulations were given in a dose range equivalent to 100-400 
mg of immediate release metoprolol per day. In these studies, Toprol XL was administered 
once a day and immediate release metoprolol was administered once to four times a day. A 
sixth controlled study compared the beta, -dlocking effects of a 50 mg daily dose of the two 
formulations. In each study, beta;-blockade was expressed as the percent change from 
baseline, in exercise heart rate following standardized submaximal exercise tolerance tests 
at steady state. Toprol XL administered once a day, and immediatewrelease metoprolol 
administered once to four times a day, provided comparable total beta4 -blockade over 24 
hours (area under the beta,-blockade versus time curve) in the dose range 100-400 mg. At 
a dosage of 50 mg once daily, Toprol XL produced significantly higher total beta; -blockade 
over 24 hours than immediate release metoprolol. For Toprol XL, the percent reduction in 
exercise heart rate was relatively stable throughout the entire dosage interval and the level 
of beta; -blockade increased with increasing doses from 50 to 300 mg daily. The effects at 
peak/trough (i.e. at 24 hours post dosing) were; 14/9, 16/10, 24/14, 27/22 and 27/20% 
reduction in exercise heart rate for doses of 50, 100, 200, 300 and 400 mg Toprol XL once 
a day, respectively. In contrast to Toprol XL immediate release metoprolol given at a dose 
of 50-100 mg once a day, produced a significantly larger peak effect on exercise tachycar- 
dia, but the effect was not evident at 24 hours. To match the peak to trough ratio obtained 
with Toprol XL over the dosing range of 200 to 400 mg, a t.i.d. to q.i.d. divided dosing regi- 
men was required for immediate release metoprolol. 

The relationship between plasma metoprolol levels and reduction in exercise heart rate is 
independent of the pharmaceutical formulation. Using the Emax model, the maximal beta, - 
blocking effect has been estimated to produce a 28.3% reduction in exercise heart rate. 
Beta, -blocking effects in the range of 30-80% of the maximal effect (corresponding to 
approximately 8-23% reduction in exercise heart rate) are expected to occur at metoprolol 
plasma concentrations ranging from 30-540 nmol/L. The concentration-effect curve begins 
reaching a plateau between 200-300 nmol/L, and higher plasma levels produce little addi- 
tional beta, -blocking effect. The relative beta, -selectivity of metoprolol diminishes and 
blockade of betap-adrenoceptors increases at higher plasma concentrations. 

Although beta-adrenergic receptor blockade is useful in the treatment of angina and hyper- 
tension, there are situations in which sympathetic stimulation is vital. In patients with 
severely damaged hearts, adequate ventricular function may depend an sympathetic drive. 
In the presence of AV block, beta-blockade may prevent the necessary facilitating effect of 
sympathetic activity on conduction. Betap-adrenergic blockade results ın passive bronchial 
constriction by interfering with endogenous adrenergic bronchodilator activity in patients 
subject to bronchospasm and may also interfere with exogenous bronchodilators in such 
patients. 


Hypertension 

The mechanism of the antihypertensive effects of beta-blocking agents has not been eluci- 
dated. However, several possible mechanisms have been proposed: (7) competitive antag- 
onism of catecholamines at peripheral (especially cardiac) adrenergic meuron sites, leading 
to decreased cardiac output; (2) a central effect leading to reduced sympathetic outflow to 
the periphery; and (3) suppression of renin activity. 

in controlled clinical studies, an immediate release dosage form of metoprolol has been 
shown to be an effective antihypertensive agent when used alone or as concomitant thera- 
py with thiazide-type diuretics at dosages of 100-450 mg daily. Toprol XL, in dosages of 
100 to 400 mg once daily, has been shown to possess comparable 8, -blockade as conven- 
tional metoprolol tablets administered two to four times daily. In addition, Toprol XL admin- 
istered at a dose of 50 mg once daily has been shown to lower blood pressure 24-hours 
post-dosing in placebo controlled studies. in controlled, comparative, clinical studies, imme- 
diate release metoprolol appeared comparable as an antihypertensive agent to propranolol, 
methyldopa, and thiazide-type diuretics, and affected both supine and standing blood pres- 
sure. Because of variable piasma levels attained with a given dose and lack of a consistent 
relationship of antihypertensive activity tc drug plasma concentration. selection of proper 
dosage requires individual titration. 

Angina Pectoris 

By blocking catecholamine-induced increases in heart rate, in vetocity and extent of 
myocardial contraction, and in blood pressure, metoprolol reduces the oxygen requirements 
of the heart at any given level of effort, thus making it useful in the long-term management 
of angina pectoris. However, in patients with heart failure, beta-adrenergic blockade may 
increase oxygen requirements by increasing left ventricular fiber length and end-diastolic 
pressure. 

In controlled clinical trials, an immediate release formulation of metoprolol has been shown 
to be an effective antianginal agent, reducing the number of angina attacks and increasing 
exercise tolerance. The dosage used in these studies ranged from 100 to 400 mg daily. 
Toprol XL, in dosages of 100 to 400 mg once daily, has been shown to possess compara- 
ble B;-blockade as conventional metoprolol tablets administered two tc four times daily. 


Pharmacokinetics 

In man, absorption of metoprolol is rapid and complete. Plasma levels following oral admin- 
istration of conventional metoprolol tablets, however, approximate 50% of levels following 
intravenous administration, indicating about 50% first-pass metabolism. Metoprolol crosses 
the blood-brain barrier and has been reported in the CSF in a concentration 78% of the 
simultaneous plasma concentration. 

Plasma levels achieved are highly variable after oral administration. Only a small fraction of 
the drug (about 12%) is bound to human serum albumin. Elimination ismainly by bitransfor- 
mation in the liver, and the plasma half-life ranges from approximately 3 to 7 hours. Less 
than 5% of an oral dose of metoprolol is recovered unchanged in thesurine; the rest is ex- 
creted by the kidneys as metabolites that appear to have no clinical significance. Following 
intravenous administration of metoprolol, the urinary recovery of unchanged drug is approx- 
imately 10%. The systemic availability and half-life of metoprolol in patients with renal fail- 
ure do not differ to a clinically significant degree from those in normal subjects. 
Consequently, no reduction in dosage is usually needed in patients with chronic renal failure. 


In comparison to conventional metoprolol, the plasma metoprolol levels following adminis- 
tration of Toprol XL are characterized by lower peaks, longer time to peak and significantly 
lower peak to trough variation. The peak plasma levels following once daily administration 
of Toprol XL average one-fourth to one-half the peak plasma levels obtained following a 
corresponding dose of conventional metoprolol, administered once daily or in divided 
doses. At steady state the average bioavailability of metoprolol following administration of 
Toprol XL, across the dosage range of 50 to 400 mg once daily, was 77% relative to the 
corresponding single or divided doses of conventional metoprolol. Nevertheless, over the 
24 hour dosing interval, 8;-blockade is comparable and dose-related (see CLINICAL 
PHARMACOLOGY). The bioavailability of metoprolol shows a dose-related, although not 
directly proportion-al increase with dose and is not significantly affected by food following 
Toprol XL administration. 


INDICATIONS AND USAGE 


Hypertension 
Toprol XL tablets are indicated for the treatment of hypertension. They may be used alone 
or in combination with other antihypertensive agents. 


Angina Pectoris 
Toprol XL tablets are indicated in the long-term treatment of angina pectoris. 


CONTRAINDICATIONS 


Hypertension and Angina 
Toprol XL is contraindicated in sinus bradycardia, heart block greater than first degree, car- 
diogenic shock, and overt cardiac failure (see WARNINGS). 


WARNINGS 


Hypertension and Angina 

Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory func- 
tion in congestive heart failure, and beta-blockade carries the potential hazard of further 
depressing myocardial contractility and precipitating more severe failure. In hypertensive 
and angina patients who have congestive heart failure controlled by digitalis and diuretics, 
Toprol XL should be administered cautiously. Both digitalis and Toprol XL slow AV 
conduction. 

In Patients Without a History of Cardiac Failure: Continued depression of the myocardi- 
um with beta-blocking agents over a period of time can, in some cases, lead to cardiac fail- 
ure. At the first sign or symptom of impending cardiac failure, patients should be fully 
digitalized and/or given a diuretic. The response should be observed closely. If cardiac failure 
continues, despite adequate digitalization and diuretic therapy, Toprol XL should be with- 
drawn. 


Ischemic Heart Disease: Following abrupt cessation of therapy with certain beta-blocking 
agents, exacerbations of angina pectoris and, in some cases, myocardial infarction have 
occurred. When discontinuing chronically administered Toprol XL, particularly in patients 
with ischemic heart disease, the dosage should be gradually reduced over a period of 1-2 
weeks and the patient should be carefully monitored. If angina markedly worsens or acute 
coronary insufficiency develops, Toprol XL administration should be reinstated promptly, at 
least temporarily, and other measures appropriate for the management of unstable angina 
should be taken. Patients should be warned against interruption or discontinuation of thera- 
py without the physician's advice. Because coronary artery disease is common and may be 
unrecognized, it may be prudent not to discontinue Toprol XL therapy abruptly even in 
patients treated only for hypertension. 


Bronchospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASES SHOULD, 
IN GENERAL, NOT RECEIVE BETA-BLOCKERS. Because of its relative beta, -selectivity, 
however, Toprol XL may be used with caution in patients with bronchospastic disease who 
do not respond to, or cannot tolerate, other antihypertensive treatment. Since beta;-selec- 
tivity is not absolute, a betag-stimulating agent should be administered concomitantly, 
and the lowest possible dose of Toprol XL should be used (see DOSAGE AND 
ADMINISTRATION). 

Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy prior to 
major surgery is controversial; the impaired ability of the heart to respond to reflex adrener- 
gic stimuli may augment the risks of general anesthesia and surgical procedures. 

Toprol XL like other beta-blockers, is a competitive inhibitor of beta-receptor agonists, and 
its effects can be reversed by administration of such agents, e.g., dobutamine or isopro- 
terenol. However, such patients may be subject to protracted severe hypotension. Difficulty 
in restarting and maintaining the heart beat has also been reported with beta-blockers. 
Diabetes and Hypoglycemia: Toprol XL should be used with caution in diabetic patients if 
a beta-blocking agent is required. Beta-blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and sweating may not be signifi- 
cantly affected. 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain Clinical signs (e.g., tachycar- 
dia) of hyperthyroidism. Patients suspected of developing thyrotoxicosis should be man- 
aged carefully te avoid abrupt withdrawal of beta-blockade, which might precipitate a 
thyroid storm. 


PRECAUTIONS 


General 
Toprol XL should be used with caution in patients with impaired hepatic tunction. 


Information for Patients 

Patients should be advised to take Toprol! XL regularly and continuously, as directed, 
preferably with or immediately following meals. If a dose should be missed, the patient 
should take only the next scheduled dose (without doubling it). Patients should not discon- 
tinue Toprol XL without consulting the physician. 

Patients should be advised (1) to avoid operating automobiles and machinery or engaging 
in other tasks requinng alertness until the patient's response to therapy with Toprol XL has 
been determined; (2) to contact the physician if any difficulty in breathing occurs; (3) to 
inform the physician or dentist before any type of surgery that he or she is taking Toprol XL. 


Laboratory Tests 
Clinical laboratory findings may include elevated levels of serum transaminase, alkaline 
phosphatase, anc lactate dehydrogenase. 


Drug Interactions 

Catecholamine-depleting drugs (e.g., reserpine) may have an additive effect when given 
with beta-blocking agents. Patients treated with Toprol XL plus a catecholamine depietor 
should therefore de closely observed for evidence of hypotension or marked bradycardia, 
which may produce vertigo, syncope, or postural hypotension. 


Carcinogenesis, Mutagenesis, Impairment of Fertility 

Long-term studies in animals have been conducted to evaluate the carcinogenic potential of 
metoprolol tartrate. In 2-year studies in rats at three oral dosage levels of up to 800 
mg/kg/day, there was no increase in the development of spontaneously occurring benign or 
malignant neoplasms of any type. The only histologic changes that appeared to be drug 
related were an increased incidence of generally mild focal accumulation of foamy 
macrophages in pulmonary alveoli and a slight increase in biliary hyperplasia. In a 21- 
month study in Swiss albino mice at three oral dosage levels of up to 750 mg/kg/day, 
benign lung tumors (small adenomas) occurred more frequently in female mice receiving 
the highest dose than in untreated control animals. There was no increase in malignant or 
total (benign plus malignant) lung tumors, nor in the overall incidence of tumors or malig- 
nant tumors. This 21-month study was repeated in CD-1 mice, and no statistically or biolog- 
ically significant differences were observed between treated and control mice of either sex 
for any type of tumor. 

All mutagenicity tests performed on metoprolol tartrate (a dominant lethal study in mice, 
chromosome studies in somatic cells, a Salmonelia/mammalian-microsome mutagenicity 
test, and a nucleus anomaly test in somatic interphase nuclei) and metoprolol succinate (a 
Salmonelia/mammalian-microsome mutagenicity test) were negative. 

No evidence of impaired fertility due to metoprolol tartrate was observed in a study per- 
formed in rats at doses up to 55.5 times the maximum daily human dose of 450 mg. 


Pregnancy Category C 

Metoprolol tartrate has been shown to increase post-implantation loss and decrease neona- 
tal survival in rats at doses up to 55.5 times the maximum daily human dose of 450 mg. 
Distribution studies in mice confirm exposure of the fetus when metoprolol tartrate is admin- 
istered to the pregnant animal. These studies have revealed no evidence of impaired fertili- 
ty or teratogenicity. There are no adequate and well-controlled studies in pregnant women. 
Because anima! reproduction studies are not always predictive of human response, this 
drug should be usec during pregnancy only if clearly needed. 


Nursing Mothers 

Metoprolol is excreted in breast milk in very small quantities. An infant consuming 1 liter of 
breast milk daily would receive a dose of less than 1 mg of the drug. Caution should be 
exercised when Toprol XL is administered to a nursing woman, 


Pediatric Use 
Safety and effectrveness in children have not been established. 


Risk Of Anaphylactic Reactions 

While taking beta-blockers, patients with a history of severe anaphylactic reactions to a 
variety of allergens may be more reactive to repeated challenge, either accidental, diagnos- 
tic or therapeutic. Such patients may be unresponsive to the usual doses of epinephrine 
used to treat allergic reaction. 


ADVERSE REACTIONS 
Hypertension and Angina 


Most adverse effects have been mild and transient. The following adverse reactions hé 
been reported for metoprolol tartrate. 

Central Nervous System: Tiredness and dizziness have occurred in about 10 of 1 
patients. Depression has been reported in about 5 of 100 patients. Mental confusion. < 
short-term memory loss have been reported. Headache, somnolence, nightmares, i 
insomnia have also been reported. 

Cardiovascular: Shortness of breath and bradycardia have occurred in approximately < 
100 patients. Cold extremities; arterial insufficiency, usually of the Raynaud type: palp 
tions; congestive heart failure; peripheral edema; syncope; chest pain; and hypotens 
have been reported in about 1 of 100 patients (see CONTRAINDICATIONS, WARNIN 
and PRECAUTIONS), 

Respiratory: Wheezing (bronchospasm) and dyspnea have been reported in about 1 
100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 100 patients. Nausea, dry mot 
gastric pain, constipation, flatulence, digestive tract disorders and heartburn have be 
reported in about 1 of 100 patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in about 5 of 100 patier 
Worsening of psoriasis has also been reported. 

Miscellaneous: Peyronie's disease has been reported in fewer than 1 of 100,000 patie: 
Musculoskeletal pain, blurred vision, decreased libido and tinnitus have also been reporti 
There have been rare reports of reversible alopecia, agranulocytosis, and dry ey 
Discontinuation of the drug should be considered if any such reaction is not otherwise ey 
cable. The oculomucocutaneous syndrome associated with the beta-blocker practoiol | 
not been reported with metoprolol. 


Potential Adverse Reactions 

A variety of adverse reactions not listed above have been reported with other beta-adrer 
gic blocking agents and should be considered potential adverse reactions to Toprol XL. 
Central Nervous System: Reversible mental depression progressing to catatonia; 
acute reversible syndrome characterized by disorientation for time and place, short-ti 
memory loss, emotional lability, slightly clouded sensorium, and decreased performance 
neuropsychometrics. 

Cardiovascular: intensification of AV block (see CONTRAINDICATIONS). 
Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpu 
Hypersensitive Reactions: Fever combined with aching and sore throat, laryngospa 
and respiratory distress. 


OVERDOSAGE 


Acute Toxicity 

No overdosage has been reported with Toprol XL and no specific overdosage informa’ 
was obtained with this drug, with the exception of animal toxicology data. However, si 
Toprol XL (metoprolol succinate salt) contains the same active moiety, metoprolol, as c 
ventional metoprolol tablets (metoprolol tartrate salt), the recommendations on overdos, 
for metoprolol conventional tablets are applicable to Toprol XL. 


Signs and Symptoms 
Potential signs ané symptoms associated with overdosage with metoprolol are bradycar 
hypotension, bronchospasm, and cardiac failure. 


Treatment 

There is no specific antidote. 

In general, patients with acute or recent myocardial infarction may be more hemodyni 
cally unstable than other patients and should be treated accordingly. On the basis of 
pharmacologic actions of metoprolol tartrate, the following general measures should 
employed. 

Elimination of the Drug: Gastric lavage should be performed. 

Bradycardia: Atropine should be administered. If there is no response to vagal block 
isoproterenol should be administered cautiously. 

Hypotension: A vasopressor should be administered, e.g., levarterenol or dopamine. 
Bronchospasm: A beta-stimulating agent and/or a theophylline derivative should 
administered. 

Cardiac Failure: A digitalis glycoside and diuretics should be administered. In shock res 
ing from inadequate cardiac contractility, administration of dobutamine, isoprotereno 
glucagon may be considered. 


DOSAGE AND ADMINISTRATION 

Toprol XL is an extended release tablet intended for once-a-day administration. W 
switching from immediate release metoprolol tablet to Toprol XL, the same total daily d 
of Toprol XL should be used. 

As with immediate release metoprolol, dosages of Toprol XL should be individualized 
titration may be needed in some patients. 

Toprol XL tablets are scored and can be divided; however, the whole or half tablet sh 
be swallowed whole and not chewed or crushed. 


Hypertension 

The usual initial dosage is 50 to 100 mg daily in a single dose, whether used aloni 
added to a diuretic. The dosage may be increased at weekly (or longer) intervals until ¢ 
mum blood pressure reduction is achieved. In general, the maximum effect of any gi 
dosage level will be apparent after 1 week of therapy. Dosages above 400 mg per day h 
not been studied. 


Angina Pectoris 

The dosage of Toprol XL should be individualized. The usual initial dosage is 100 mg di 
given in a single dose. The dosage may be gradually increased at weekly inten 
until optimum clinical response has been obtained or there is a pronounced slowing of 
heart rate. Dosages above 400 mg per day have not been studied. If treatment is to be 
continued, the dosage should be reduced gradually over a period of 1-2 weeks | 
WARNINGS). 
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Accuracy of Various Methods of Localization of 
the Orifice of the Coronary Sinus at 
Electrophysiologic Study 


Lloyd M. Davis, MBBS, Karen Byth, PhD, Kai C. Lau, MBBS, John B. Uther, MD, 
David A. B. Richards, MD, and David L. Ross, MBBS 


The coronary sinus (CS) orifice is an important 
reference point for determining electrode and, 
thereby, accessory pathway location at electro- 
physiologic study. The reliability of fluoroscopic 
landmarks used to identify the CS orifice is not 
known. This study compared the accuracy of sev- 
eral fluoroscopic landmarks for identifying the CS 
orifice with the location defined by radiopaque 
contrast injection of the CS. Forty patients were 
studied. Radiographic markers of the CS orifice 
that were examined included: (1) the point at 
which the CS catheter prolapsed during advance- 
ment, (2) the point of maximum convexity of the 
CS catheter when a superior vena caval approach 
was used, (3) the right side of the ventricular sep- 
tum, and (4) the relation to the underlying verte- 
brae. The least-significant difference method of 
multiple comparisons was used for statistical anal- 
ysis. The point at which the CS catheter prolapsed 
was the most accurate noncontrast method for de- 
termining the location of the CS orifice (p <0.05), 
but was possible without the use of excessive 
force in only 48% of patients. The point of cathe- 
ter prolapse was a median of 1 mm (range 0 to 
11) from the true location of the os. Errors with 
other examined landmarks ranged up to 3 cm. 
Identification of the CS orifice is best performed 
by radiopaque contrast injection. The point of pro- 
lapse during catheter advancement in the CS is an 
accurate alternative when contrast injection is not 
feasible. Other noncontrast fluoroscopic land- 
marks are less reliable and are best avoided. If 
there is any doubt or if accurate location of the CS 
os is critical (particularly when distinguishing pos- 
terior septal from left free wall accessory path- 
ways), direct radiopaque contrast injection should 
be used. 

(Am J Cardiol 1992;70:343-346) 
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erence point for determining the anatomic loca- 

tion of mapping electrodes at preoperative elec- 
trophysiologic study.! Localization of accessory path- 
ways to either the posterior septum or left free wall is 
determined by the distance of the mapping electrode 
from the CS os.? This distinction in pathway location is 
important both for determining the approach used for 
surgical dissection or catheter ablation and for assessing 
the chances for success.>-!© Pathways located in the pos- 
terior septum are approached at surgery from the right 
atrium or the epicardium>*®’ and are successfully divid- 
ed in only 90% of cases,!38? whereas those in the left 
free wall are approached from the left atrium or the 
epicardium with success rates of almost 100%.!8-10 
Similarly, success rates for radiofrequency ablation of 
left free wall accessory pathways are very high, but de- 
crease to 85 to 90% for pathways in the posterior sep- 
tum.!*!7 At electrophysiologic study, the os of the CS is 
usually identified indirectly by use of various noncon- 
trast fluoroscopic landmarks (detailed later)!-!8 or by di- 
rect contrast injection into the CS. There have been no 
studies comparing the relative accuracies of the various 
methods. Contrast injection through the electrode cath- 
eter involves lumens that are difficult to clean and re- 
sterilize. If these catheters are used only once, the costs 
of the study increase considerably. Conversely, if a sepa- 
rate angiographic catheter is used to cannulate and 
opacify the CS, extra time, vascular access, manipula- 
tion and expense are needed. This study, therefore, com- 
pared the various noncontrast methods for locating the 
CS os to direct visualization by contrast injection as the 
gold standard. 


ik coronary sinus (CS) orifice is an important ref- 


METHODS i 

Between December 1989 and September 1991, we 
studied 40 consenting adult patients who had an electro- 
physiologic study that involved insertion of a CS elec- 
trode. After completion of the electrophysiologic study, 
1 electrode catheter was withdrawn and exchanged for 
a 7Fr Goodale-Lubin catheter that was then advanced 
from the femoral approach into the CS. The position of 
the CS electrode catheter was imaged using fluoroscopy 
and recorded on videotape in both the posteroanterior 
and left anterior oblique views for subsequent analysis. 
The true location of the CS orifice was then demon- 
strated by contrast injection, and imaged in both the 
posteroanterior and left anterior oblique views. The CS 
electrode catheter was then advanced under fluoroscopy 
until significant resistance occurred or the catheter pro- 
lapsed. Fluoroscopic images were recorded on video- 
tape, and the location of the CS orifice was again dem- 
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onstrated by contrast injection in both the posteroante- 
rior and left anterior oblique views. 

Noncontrast fluoroscopic landmarks: The following 
radiographic landmarks were examined: (1) the point at 
which the CS electrode catheter prolapsed during ad- 
vancement (Figures 1 and 2), (2) the point of maximum 
convexity of the CS catheter when inserted from the 
superior vena cava (Figures 3 and 4), and (3) the posi- 
tion of the ventricular septum as delineated by the right 





nary sinus (CS), 2 mm interelectrode decapolar catheter in His 


bundle region, and 1 cm interelectrode quadpolar catheter in 
right ventricle. CS has been opacified by contrast injection 
that also outlines edges of atrial septum above and below CS 
(dotted white lines). A marks orifice of CS. It is the point 
where long axis of CS intersects plane of atrial septum seen 
above and below sinus. CS catheter has been advanced in si- 
nus until proximal portion of catheter outside CS prolapsed 
(white arrow). in this patient, point where CS catheter pro- 
lapsed was only 2 mm from CS orifice marked by radiopaque 
contrast. 





d 


FIGURE 2. Fluoroscopic image of heart in left anterior oblique 
view. There is 5 mm interelectrode decapolar catheter in coro- 
nary sinus (CS), 2 mm interelectrode decapolar catheter in His 


above and below sinus. CS catheter has been advanced in si- 
nus until proximal portion of catheter outside CS prolapsed 
(white arrow). in this patient, point where CS catheter pro- 
lapsed was only 2 mm from CS orifice marked by radiopaque 
contrast. 


ventricular and His bundle electrode catheters in the 
left anterior oblique view (Figures 2 and 4). We also 
examined the relation of the CS orifice to the underly- 
ing vertebra in the posteroanterior view by dividing the 
vertebral body into right, midline and left thirds, and 
assessed the frequency with which the CS orifice over- 
laid each segment. 





nary sinus (CS), 2 mm interelectrode decapolar catheter in His 
quadpolar 


bundle region, and 1 cm interelectrode catheter in 
right ventricle. CS has been opacified by contrast injection 
that also outlines edges of atrial septum above and below CS 
(dotted white lines). A marks orifice of CS. It is the point 
where long axis of CS intersects plane of atrial septum seen 
above and below sinus. B marks point of maximum convexity 
of CS catheter. Catheter changes direction at B from cranio- 
caudal plane to one along short axis of heart to enter CS. CS 
orifice overties left third of vertebral body. 


S 





FIGURE 4. Fluoroscopic image of heart in left anterior oblique 
view. There is 5 mm interelectrode decapolar catheter in coro- 
nary sinus (CS), 2 mm interelectrode decapolar catheter in His 
bundle region, and 1 cm interelectrode quadpolar catheter in 
right ventricle. CS has been opacified by contrast injection 
that also outlines edges of atrial septum above and below CS 
(dotted white lines). A marks orifice of CS. It is the point 
where long axis of CS intersects plane of atrial septum seen 
above and below sinus. B marks point of maximum convexity 
of CS catheter. Catheter changes direction at B from cranio- 
caudal plane to one along short axis of heart to enter CS. 
Right side of ventricular septum is seen outlined by His bundle 
and right ventricular apical catheters positioned approximate- 
ly 1 cm to right side of CS. 
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TABLE I Distance of Various Radiographic Landmarks from Coronary Sinus Orifice 


Left Anterior Oblique View (cm) 


Landmark No. Mean 


Catheter prolapse 16 

Maximum convexity of 30 
catheter 

Plane of interventricular 35 
septum 


The point at which the CS electrode prolapses dur- 
ing catheter advancement is often used in clinical prac- 
tice to locate the CS orifice.! Similarly, the relation to 
the underlying vertebra in the posteroanterior view was 
recommended as a guide to the CS orifice by some in- 
vestigators.!® The ventricular septum underlies the atri- 
al septum so that catheters on the right side of the ven- 
tricular septum should also identify the right edge of the 
atrial septum and hence the orifice of the CS. This tech- 
nique viewed in the left anterior oblique projection is 
also often used in clinical practice. 

Measurements: Measurements of the distance be- 
tween the site of the CS orifice (identified by contrast 
injection) and the various radiographic landmarks were 
obtained from the videotape record in both the postero- 
anterior and left anterior oblique views 2 to 3 months 
after patients were studied. To examine intraobserver 
bias, measurements were repeated after a further month 
by the same observer. In 1 case, the location of the CS 
orifice determined by contrast injection was compared 
with a metal clip placed at the CS os during previous 
surgery. 

Coronary sinus cannulation: The CS was catheter- 
ized with a nonlumen 6Fr USCI decapolar catheter in 
38 cases and a 7Fr Mansfield 12-pole catheter with a 
lumen in 2. In the 38 cases with a nonlumen electrode 
catheter, an additional 7Fr Goodale-Lubin catheter was 
inserted in the CS for contrast injection. We preferred 
the superior approach (28 cases) for placement of the 
CS electrode catheter, because it usually facilitates ac- 
cess to the CS. The femoral approach was used in 12 
cases when venous access was difficult in the left ante- 
cubital fossa or when CS cannulation could not be ac- 
complished with the superior vena caval approach. 

Definitions: The true CS orifice was defined as the 
point made by the junction of the planes of the atrial 
septum located above and below the CS, which are out- 
lined by the radiopaque contrast as it spilled out from 
the CS during injection, and the long axis of CS as it 
entered the right atrium (Figures 3 and 4). 

Statistical analysis: [ntraobserver error in obtaining 
measurements between the true CS orifice identified by 
contrast injection and that identified by each radio- 
graphic marker was assessed using the paired ź test. The 
95% confidence intervals for observer error in obtaining 
the aforementioned measurements were calculated by 
multiplying the SDs of the differences between each set 
of measurements by 1.96. The least-significant differ- 
ence method of multiple comparisons was used to deter- 
mine which examined landmark was the most accurate 
indicator of the location of the CS orifice.!? 


Median 


0.3 + 0.3 0.1 
0.8 + 0.6 0.5 


14+0.5 1.4 





Posteroanterior View (cm) 


Range No. Mean Median Range 


0-1.3 
0-2.5 


0-1.1 
0.2-2.2 


t9: Q3 £0.3 0.3 
30. 2.7.7 0.5 


0.5-3.8 — — — — 


RESULTS 

Patient characteristics: Forty adult patients (18 
men, 22 women) were studied. Indications for electro- 
physiologic study included: (1) documented supraven- 
tricular tachycardia (12), (2) Wolff-Parkinson-White 
syndrome (8), (3) undiagnosed palpitations (14), and 
(4) postoperative assessment of long-term outcome of 
surgical therapy for supraventricular tachycardia (6). 

Coronary sinus catheter: The CS was cannulated 
from the superior approach in 28 cases and from the 
femoral approach in 12 cases. CS catheterization was 
performed with a 5 mm interelectrode decapolar catheter 
in 36 cases, a 10 mm interelectrode decapolar catheter in 
1 case and a 2 mm interelectrode catheter in 2 cases. In 1 
case, a quadpolar catheter was used to cannulate the CS. 

Accuracy of radiographic landmarks for identifying 
the coronary sinus orifice: Mean distances of the CS 
orifice from the examined radiographic landmarks are 
listed in Table I. Of the examined landmarks, the point 
at which the CS catheter prolapsed during advancement 
was the best noncontrast technique for determining the 
location of the CS orifice. This was significantly closer 
to the true CS orifice than was the point of maximum 
catheter convexity (p <0.05), which in turn was signifi- 
cantly closer than was the plane of the ventricular sep- 
tum delineated by the right ventricular apical and His 
bundle catheters in the left anterior oblique view (p 
<0.05). However, prolapse of the CS catheter was only 
possible in 19 of 40 patients (48%) in the posteroante- 
rior view and in 16 (40%) in the left anterior oblique 
view. The other examined landmarks could be assessed 
more frequently, but were too inaccurate to be used as 
clinical landmarks of the CS orifice. 

The relation of the CS orifice to the underlying ver- 
tebral body in the posteroanterior view was also found 
to be too inaccurate for clinical use. In 10 cases (25%) 
the CS orifice overlaid the left third of the vertebra, in 
23 (58%) it overlaid the middle third, and in 5 (13%) it 
overlaid the right third. In 2 cases, the CS orifice did 
not overlie the vertebral column. 

intraobserver variability: All measurements of the 
distance of the examined landmarks from the CS orifice 
were repeated after a 1-month interval by the same ob- 
server. The initial and repeat sets of measurements were 
not statistically different. The 95% confidence intervals 
for intraobserver variation in estimating each repeat 
measurement were + | cm. 


DISCUSSION 
Catheter mapping of the CS with 210 pole elec- 
trode catheters enables simultaneous mapping of the en- 
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tire length of the CS with a resolution of 0.5 cm without 
the need to move the mapping catheter. Accurate loca- 
tion of accessory pathways using this method is critical- 
ly dependent on accurate location of the orifice of the 
CS.!2 We previously demonstrated that accessory path- 
ways that are <1.5 cm to the left of the CS orifice are 
in the posterior septum, whereas those located 1.5 to 3 
cm from the orifice may be in either the left free wall or 
posterior septum, and those that are >3 cm from the 
orifice are invariably in the left free wall.” Errors in dis- 
tinguishing accessory pathways in the posterior septum 
from those in the left free wall can cause an inappropri- 
ate surgical or catheter ablation approach with higher 
risks of failure or complications, such as complete heart 
block.”° This study showed that location of the CS ori- 
fice is best determined by injection of the CS with radi- 
opaque contrast. This is easily accomplished in most pa- 
tients, even if a second catheter needs to be inserted for 
injection of the contrast agent. The position of the CS 
orifice may also be accurately estimated at electrophysi- 
ologic study by the position at which the electrode cath- 
eter prolapses during advancement, with a median ac- 
curacy of + 1 mm (range 0 to 11 mm). The other 2 
examined landmarks were less accurate, with median 
accuracies of 0.5 (range 0.2 to 2.2) and 1.4 (range 0.5 
to 2.8) cm. Whereas inaccuracy of this degree can be 
tolerated for pathways that are clearly in the left free 
wall, the more accurate techniques of contrast injection 
and catheter prolapse need to be used for pathways lo- 
cated within 3 cm of the orifice where distinction be- 
tween left free wall and posterior septal pathways is dif- 
ficult.2 Although the catheter prolapse technique was 
the best noncontrast method, it was not possible with 
the use of reasonable force in a significant proportion 
(40 to 48%) of cases. If only the 29 patients in whom 
the CS had been cannulated from a superior approach 
or with a right atrial loop from the femoral approach 
are considered, prolapse was achieved in only 19 (66%) 
in the posteroanterior view and in 16 (55%) in the left 
anterior oblique view. Prolapse may have been achiev- 
able in more cases, but would have required advancing 
the catheter against a significant degree of resistance 
and possibly perforating the CS. This risk is unneces- 
sary, because contrast injection can be used easily in 
most cases. In the 11 patients in our study in whom the 
CS was cannulated from the femoral approach without 
the use of a right atrial loop, advancement of the cathe- 
ter did not cause the catheter to prolapse on the roof of 
the CS, but tended to displace the catheter completely 
or caused it to prolapse in the right atrium far from the 
CS orifice. Therefore, injection of radiopaque contrast 
to outline the CS is the only reliable method of estimat- 
ing the orifice location when catheters are inserted from 
the femoral approach. 

It is not surprising that the other examined land- 
marks were less accurate predictors of CS location. The 
ventricular septum is curved, and the part defined by 
the His and right ventricular catheters is more anterior 
than the CS. The CS os tends to be to the left of the 
plane of the ventricular septum defined by these cathe- 
ters. The point of maximum catheter convexity need not 
necessarily occur at the point of entry into the CS and is 


often located at the floor of the right atrium, to the 
right of and inferior to the CS orifice. 

Study limitations: Our results apply only to patients 
studied with flexible multielectrode (10- to 12-pole) 
catheters. New developments in catheter technology en- 
able more electrodes to be placed on the catheter, and 
incorporate increased steerability and deflectable tips. 
These features may make parts of the catheter more 
rigid and the point of catheter prolapse less reliable. 
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Cordarone® (amiodarone HCI) Tablets 


BRIEF SUMMARY a 
(See Package Circular for full prescribing information.) 
Indications and Usage: Because of life-threatening side effects and 
tial management difficulties (See “Warnings” below) use only 
for treating documented, lif ing recurrent ventricular 
fibrillation or recurrent ically unstable ventricular 
tachycardia that are unresponsive to documented adequate doses of 
other antiarrhythmics or when alternative agents are not tolerated. 


Soong trials show no evidence that Cordarone favorably affects 
survival. 


For use only by physicians familiar with and with access to (directly or 
via referral) all available modalities for treating recurrent life- 
threatening ventricular arrhythmias, including access to appropriate 
monitoring facilities and continuous electrocardiographic monitoring 
and electrophysiologic techniques. Due to the life-threatening nature of 
the arrhythmias treated, potential interactions with prior therapy, and 
potential arrhythmia exacerbation, start Cordarone in a hospital setting. 


Contraindications: Severe sinus-node dysfunction, with marked 
sinus bradycardia; 2nd- and 3rd-degree atrioventricular (AV) block; 
episodes of bradycardia which cause syncope (except when used with a 
pacemaker); known hypersensitivity to the drug. 


Warnings: Cordarone is intended for use only in patients 
with the indicated life-threatening arrhythmias because its 
use is accompanied by substantial toxicity. 


Cordarone has several potentially fatal toxicities, the most 
important of which is pulmonary toxicity (hypersensitivity 
pneumonitis or interstitial/ alveolar pneumonitis) that has 
resulted in clinically manifest disease at rates as high as 
10 to 17% in some series of patients with ventricular 
arrhythmias given doses around 400 mg/day, and as 
abnormal diffusion capacity without symptoms in a much 
higher percentage of patients. Pulmonary toxicity has been 
fatal about 10% of the time. Liver injury common with 
Cordarone, but is usually mild and evidenced only by 
abnormal liver enzymes. Overt liver disease can occur, 
however, and has been fatal in a few cases. Like other 
anti mics, Cordarone can exacerbate the arrhythmia, 
eF. making the a mia less well tolerated or more 
cult to reverse. This has occurred in 2-5% of patients in 
various series, and significant heart block or sinus 
b rdia has been seen in 2-5%. All of these events 
should be manageable in the proper clinical setting in most 
cases. Although the frequency of such proarrhythmic 
events does not appear greater with Cordarone than with 
many other agents used in this population, the effects are 
prolonged when they occur. 


Even in patients at high risk of arrhythmic death, in whom 
the toxicity of Cordarone is an acceptable risk, Cordarone 
poses major management problems that could be life- 
threatening in a population at risk of sudden death, so that 
ow effort should be made to utilize alternative agents 


The difficulty of using Cordarone effectively and ge 
itself poses a significant risk to patients. Patients with the 


indicated a mias must be hospitalized while the 
aseme. dose of Cordarone is given, and a response 

nerally requires at least one week, usually two or more. 
sone a on and elimination are variable, 
maintenance-dose selection is difficult, and it is not 
unusual to require dosage decrease or discontinuation of 
treatment. in a retrospective survey of 192 patients with 
ventricular tachyarrhythmias, 84 required dose reduction 
and 18 required at least temporary discontinuation because 
of adverse effects, and several series have reported 15 to 
20% overall frequencies of discontinuation due to adverse 
reactions. The time at which a previously controlled life- 
threatening arrhythmia will recur after discontinuation or 
dose adjustment is unpredictable, ranging from weeks to 
months. The patient is obviously at great risk during this 
time and pepara prolonged hospitalization. Attempts to 
substitute other antiarrhythmic agents when Cordarone 
must be oye will be made difficult by the gradually, but 
unpredictably, changing amiodarone body burden. A 
similar problem exists when Cordarone is not effective; it 
still poses the risk of an interaction with whatever 
subsequent treatment is tried. 





PULMONARY TOXICITY: Cordarone may cause a syndrome of cough 
and progressive dyspnea with functional, radiographic, gallium-scan 
and pathological data consistent with pulmonary toxicity; frequency 
usually varies from 2-7%, but can be as high as 10-17%. Thus, at start 
of therapy, perform baseline chest x-ray and pulmonary-function tests, 
including diffusion capacity. Repeat history, physical exam (PE), and 
chest x-ray every 3-6 months. 


Preexisting pulmonary disease does not appear to increase risk of 
toxicity; however, prognosis is poorer if pulmonary toxicity develops. 


Cordarone-induced pulmonary toxicity seems to result from indirect 
(hypersensitivity pneumonitis) or direct (interstitial/alveolar 
pneumonitis) toxicity. 

fons aerae f pneumonitis usually appears early in therapy; 
rechallenge results in a more rapid and severe recurrence. 
Bronchoalveolar lavage is procedure of choice to confirm diagnosis, 
made when a T suppressor/cytotoxic (CD8 - positive) lymphocytosis 
noted. Treat with steroids and stop Cordarone. 


Interstitial/alveolar pneumonitis, characterized by diffuse alveolar 
damage, interstitial pneumonitis or fibrosis in lung biopsies. 
Phospholipidosis (foamy cells, foamy macrophages) is present in most 
cases of Cordarone-induced pulmonary toxicity; however, this also 
occurs in approximately 50% of all Cordarone patients. Use these cells 
as therapy markers, not evidence of toxicity. If interstitial/alveolar 
pneumonitis is diagnosed, reduce dose or, preferably, withdraw 
Cordarone, especially if other acceptable antiarrhythmics are available. 
Where these measures were instituted, symptoms usually decreased in 
the first week; most clinical improvement was in first 2-3 weeks. Chest 
X-ray changes usually resolve in 2-4 months. Some experts feel 
steroids may be helpful. Prednisone (40-60 poe or equivalent 
doses of other steroids have been used and tapered over several weeks. 
At times rechallenge at a lowér dose will not result in return of toxicity. 

gest lower loading and maintenance doses are associat 
with a lower incidence of pulmonary toxicity. 


In Cordarone patients, any new respiratory symptoms suggest a 
possibility of pulmonary toxicity; repeat and evaluate history, PE, chest 
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X-ray, and pulmonary-function tests (with diffusion capacity). A 15% 


decrease in diffusion capacity has a high sensitivity but only a 
moderate specificity for pulmonary toxicity; as decreases in diffusion 
capacity approach 30%, sensitivity decreases but specificity increases. 
A diagnostic gallium scan may also be performed. 

Fatalities from pulmonary toxicity occur in about 10% of eases. 
However, when life-threatening arrhythmias exist, stop 

Cordarone (amiodarone HC!) cautiously if drug-induced pulmonary 
toxicity is suspected. As the most common cause of death in these 
patients is sudden cardiac death, first rule out other causes of 
respiratory impairment. Bronchoalveolar lavage or lung biopsy may be 
necessary to confirm the diagnosis, especially when there is no 
acceptable alternative therapy. 


If hypersensitivity pneumonitis is diagnosed, stop Cordarone and treat 
with steroids. lf Cordarone-induced interstitial/alveolar pneumonitis is 
diagnosed, start steroids and, preferably, stop Cordarone or, minimally, 
reduce the dose. Some cases may resolve after dose reduction and 
steroid use. Sometimes, rechallenge at lower doses did not result in 
return of interstitial/alveolar pneumonitis; however, pulmonary lesions 
are irreversible in some. 


WORSENED ARRHYTHMIA: Cordarone may cause serious 
exacerbation of a presenting arrhythmia, possibly enhanced by 
concomitant antiarrhythmic rai | Exacerbation (about 2-5% in most 
series), includes new ventricular fibrillation, incessant ventricular 
tachycardia, increased resistance to cardioversion, and Torsade de 
Pointes. Cordarone has caused symptomatic bradycardia or sinus 
arrest with suppression of escape foci in 2-4% of patients. 


LIVER INJURY: Increased hepatic enzymes, mostly asymptomatic, are 
seen frequently. Consider discontinuation or dose reduction if increase 
exceeds 3 times normal, or doubles in patient with elevated baseline 
Rarely, hepatic failure has been fatal 


PREGNANCY — PREGNANCY CATEGORY D: Cordarone is embryotoxic 
(increased fetal resorption and growth retardation) in rats at 18 times 
the maximum recommended oral maintenance dose. Similar results are 
seen in one mice strain at about 1/2 the maximum recommended 
maintenance dose or higher, but not in a second strain nor rabbits at 
doses up to 9 times the maximum recommended maintenance dose 


Neonatal hypo- or hyperthyroidism: \n utero exposure can cause 
fetal harm. There are some reports of congenital goiter/ hypothyroidism 
and hyperthyroidism. If used anytime during pregnancy apprise patient 
of potential fetal hazard. In general, use during pregnancy only if 
potential benefit to the mother justifies unknown fetal risk. 


Precautions 


CORNEAL MICRODEPOSITS; IMPAIRMENT OF VISION: Corneal 
microdeposits appear in a majority of adults on Cordarone. Usually 
discernible only by slit-lamp, up to 10% of patients have symptoms 
like visual halos or blurred vision. Microdeposits are reversible if dose 
aenea treatment stopped; if asymptomatic, no need to reduce dose 
or stop drug. 


PHOTOSENSITIVITY: Seen in about 10% of patients; sun-barrier 
creams or protective clothing may afford some protection. On long- 
term therapy, may have a blue-gray skin discoloration of exposed skin. 
Fair complexion or excess sun exposure may increase risk; also may 
be related to cumulative dose and therapy duration. 


THYROID ABNORMALITIES: Cordarone inhibits conversion of 
thyroxine (T4) to triiodothyronine (T4) and may cause increased 
thyroxine, decreased T3, and increased levels of inactive reverse Ta 
(rT) in clinically euthyroid patients. Due to its release of eal se 
iodine, or perhaps other reasons, Cordarone can cause either hypo- or 
hyperthyroidism. Monitor thyroid function before treatment and 
periodically thereafter, particularly in the elderly and those with history 
of thyroid nodules, goiter, or other thyroid dysfunction. Due to slow 
elimination of Cordarone and its metabolites, high plasma iodide 
levels, altered thyroid function, and abnormal thyroid-function tests 
may persist for weeks or months after withdrawal. 


Hypothyroidism occurred in 2-4% of patients in most series, but in 8- 

10% in some. To treat, reduce Cordarone dose and/or give thyroid 

a supplement. Individualize therapy; may need to stop 
ordarone. 


Hyperthyroidism occurs in about 2% of patients; incidence may be 
higher with prior inadequate dietary iodine intake. Cordarone-induced 
hyperthyroidism is usually a greater hazard than hypothyroidism due to 
possible arrhythmia Sse don't or aggravation. IF ANY NEW SIGNS 
OF ARRHYTHMIA APPEAR, THE POSSIBILITY OF HYPERTHYROIDISM 
SHOULD BE CONSIDERED. Flat TSH response to TRH is confirmatory. 
Since arrhythmia breakthroughs may accompany Cordarone-induced 
hyperthyroidism, aggressive medical treatment is indicated, including, 
if possible, dose reduction or Cordarone withdrawal. Antithyroid drugs, 
B-blockers and/or temporary steroid therapy may be needed. (See full 
prescribing information for additional information regarding treatment). 


SURGERY: Hypotension Postbypass: Rarely, hypotension is seen on 
cessation of cardiopulmonary bypass during open-heart surgery in 
Cordarone patients; relationship to Cordarone is unknown. 

Adult Respiratory Distress Syndrome ohne Rarely, ARDS 
occurs in Cordarone patients after surgery. Patients usually respond to 
vigorous respiratory therapy; rarely, the outcome is fatal. The 
mechanism may be generation of superoxide radicals duming 
pga therefore, keep operative FiO; as close to room air as 
possible. 


LABORATORY TESTS: Elevated liver enzymes (SGOT and SGPT) can 
occur; monitor closely if high maintenance doses used. Consider dose 
reduction or stopping therapy if significant elevations persist or 
hepatomegaly occurs. 

Thyroid-function tests (increased T4 and reverse T3, and decreased T3) 
m be altered; despite these changes, most patients remain clinically 
euthyroid. 

DRUG INTERACTIONS: Few drug-drug interactions have been explored 
formally but most have shown an interaction. Thus, anticipate other 
interactions, especially drugs with potentially serious en like other 
antiarrhythmics. With its long, variable half-life, a potential for 
interaction also exists with drugs given after stopping Cordarone. 
Digitalis: Serum digoxin increases (by up to 70%) and may reach 
toxic levels; onset is about 1 day. On initiation of Cordarone, 
review need for digitalis and reduce its dose by about 50% 
or stop it. If digitalis continued, monitor serum levels closely and 
observe for toxicity. Precautions probably also apply to digitoxin. 


Anticoagulants: Potentiation of warfarin-type anticoagulant response 
is almost always seen and can result in serious or fatal bleeding. 
Prothrombin time may increase by 100%; onset is 3 to 4 days. 
Reduce anticoagulant dose by 1/3 to 1/2, and monitor 
prothrombin times closely. 


Antiarrhythmic Agents: Although they have been used concurrently 
with Cordarone, steady-state levels of quinidine, procainamide, and 
phenytoin may increase during such combined therapy. Quinidine 
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serum concentrations may increase by 33% within 2 A 
Procainamide serum concentrations may increase by 55% (n-acetyl 
procainamide by 33%) in < 7 days. In general, reserve such 
teh for pean with li ‘pegs etre arrhythmias 
incompletely responsive to a single agent, or incomp responsive 
to Cordarone (amiodarone HCI), and start any added anti icata 
lower than usual dose with careful monitoring. During transfer to 
Cordarone, reduce dose of previous agents 30-50% several days after 
adding Cordarone, when arrhythmia suppression should be starting. 
After Cordarone effects are established, discontinue other 
antiarrhythmics if possible. If treatment is maintained, continue 
monitoring carefully for adverse effects, especially conduction 
disturbances and exacerbation of tachyarrhythmias. In Cordarone 
patients requiring additional antiarrhythmic therapy, initial dose of such 
agents should be approximately 1/2 of the usual dose. 


Use Cordarone cautiously with B-blockers or calcium antagonists as 
bradycardia, sinus arrest, and AV block may be potentiated: if 
necessary, Cordarone can continue after pacemaker insertion in 
patients wit severe bradycardia or sinus arrest. 


ELECTROLYTE DISTURBANCES: May be ineffective or arrhythmogenic 
if hypokalemia is present; correct any potassium or magnesium 
deficiency before starting drug. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: 
Fertility reduced in male and female rats at 8 x the highest 
recommended human maintenance dose. Cordarone caused a 
Statistically significant, dose-related increase in thyroid tumors in rats. 
Incidence greater than control even at lowest dose tested, i.e., about 1/2 
the highest recommended human maintenance dose. Mutagenicity 
Studies were negative. 


PREGNANCY: PREGNANCY CATEGORY D — See Warnings. 


LABOR AND DELIVERY: Occurrence of adverse effects during labor or 
delivery is unknown. Preclinical studies in rodents have shown no 
effect on gestation duration or parturition. 


NURSING MOTHERS: Cordarone is excreted in human milk; breast- 
feeding may expose nursing infants to a significant drug dose. Nursing 
offspring of lactating rats given Cordarone were less viable and had 
reduced body-weight gains. Advise mothers to discontinue nursing 
before taking. 


PEDIATRIC USE: Safety and effectiveness have not been established. 


Adverse Reactions: Adverse effects are very common (about 3/4 of 
all patients) with doses of 400 mg/day or more, and cause 7-18% to 
discontinue. The most serious are pulmonary toxicity, arrhythmia 
exacerbation, and rare serious liver injury (see "Warnings", but other 
adverse effects constitute important problems. They are often reversible 
by reducing dose and virtually always reversible by stopping 
Cordarone. Most adverse effects appear more frequent with continued 
treatment beyond 6 months; rates appear relatively constant beyond 
one year. Neurologic problems, including malaise and fatigue, tremor 
and involuntary movements, poor coordination and gait, and peripheral 
neuropathy are common (20-40% of patients); these may respond to 
dose reduction, rarely need to stop therapy. 


Gastrointestinal (GI) complaints, commonly seen with high doses 
(i.e., loading dose), usually respond to dose reduction or divided 
doses; rarely need to stop drug. 


Asymptomatic corneal microdeposits. See Precautions and full 
prescribing information. 


Photosensitivity. See Precautions and full prescribing information. 


Cardiovascular adverse reactions, other than arrhythmia exacerbation, 
include the uncommon occurrence of congestive heart failure (3%) and 
bradycardia. Bradycardia usually responds to dose reduction but may 
require a pacemaker. CHF rarely requires stopping drug. Cardiac 
conduction abnormalities occur infrequently and are reversible upon 
stopping drug. 

The following side-effect rates are based on a retrospective study of 
241 patients treated for 2 to 1,515 days (mean 441.3 days). 


Each reported in 10-33% of patients: G!—Nausea and vomiting. 


Each reported in 4-9% of patients: Dermatologic—Solar 
dermatitis/photosensitivity; Neurologic—Malaise and fatigue, 
tremor/abnormal involuntary movements, lack of coordination, 
abnormal —— dizziness, paresthesias; GI-Constipation, 
anorexia; Ophthalmologic—Visual disturbances; Hepatic—Abnormal 
liver-function tests; Respiratory—Pulmonary inflammation or fibrosis. 


Each reported in 1-3% of patients: Thyroid—Hypo- or 

ant a so Neurologic—Decreased libido, insomnia, headache, 
sleep disturbances; Cardiovascular—CHF, cardiac arrhythmias, SA 
node dysfunction; GI-Abdominal pain; Hepatic-Nonspecific hepatic 
disorders; Other—Flushing, abnormal taste and smell, edema, abnormal 
salivation, coagulation abnormalities. 


Each reported in < 1% of patients: Blue skin discoloration, rash, 
spontaneous ecchymosis, alopecia, hypotension, and cardiac 
conduction abnormalities. Rarely hepatitis, cholestatic hepatitis, 
cirrhosis, optic neuritis, epididymitis, vasculitis, pseudotumor cerebri, 
and thrombocytopenia. 

Adverse reactions most frequently requiring Cordarone discontinuation 
include pulmonary infiltrates or fibrosis, paroxysmal ventricular 
tachycardia, CHF, and elevated liver enzymes. Symptoms causing 
discontinuation less often include visual disturbances, solar dermatitis, 
blue skin discoloration, hyper- or hypothyroidism. 


Overdosage: The few reports of Cordarone overdose, in which 3 to 8 
grams were taken, resulted in no deaths or permanent sequelae. Animal 
Studies indicate that Cordarone has a high oral LDsp (>3,000 mg/kg). 


Along with general supportive measures, monitor patient's cardiac 
rhythm and blood pressure; if bradycardia ensues, may use a 
f-adrenergic agonist or pacemaker. Use positive inotropic and/or 
vasopressor agents to treat hypotension with inadequate tissue 
perfusion. Neither Cordarone nor its metabolite is dialyzable. 


Dosage and Administration: See full prescribing information. 
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Studies of Left Ventricular Dysfunction (SOLVD) 





Registry: Rationale, Design, Methods and 


Description of Baseline Characteristics 


Shrikant |. Bangdiwala, PhD, Debra H. Weiner, MPH, Martial G. Bourassa, MD, 
Gottlieb C. Friesinger Il, MD, Jalal K. Ghali, MD, and 
Salim Yusuf, MD, for the SOLVD Investigators 


The Studies of Left Ventricular Dysfunction 
(SOLVD) comprises 2 double-blind, randomized 
clinical trials to test improved survival by an an- 
giotensin-converting enzyme inhibitor in patients 
with left ventricular dysfunction, with or without 
congestive heart failure. Patients entering the tri- 
als may be a highly selected subset of the popula- 
tion of such patients; those with the worst and 
best prognosis are likely to be excluded. To obtain 
the clinical history of a broader group, a registry 
of 6,273 patients included a relatively unselected 
cohort of patients with heart failure or left ventric- 
ular dysfunction, or both, from SOLVD hospitals. 
Registry data were obtained from hospital rec- 
ords. Because data collection from medical rec- 
ords may lead to incomplete data and more inves- 
tigations in “‘sicker’’ patients, 898 randomly cho- 
sen subjects from different disease strata were 
seen in clinic where neurohumoral measures, 
echocardiograms, x-rays and electrocardiograms 
were obtained, and a 6-minute walking test was 
performed. The design and methodologic features, 
and the baseline characteristics of the participants 
in this 2-tiered registry are described, and its use 
in complementing the results and interpretation of 
the SOLVD trials is discussed. 

(Am J Cardiol 1992;70:347-353) 
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(SOLVD) is a multicenter project comprising 2 

double-blind, randomized clinical trials and a pa- 
tient registry. The trials evaluated the effects of the an- 
giotensin-converting enzyme inhibitor enalapril on mor- 
tality, morbidity and quality of life in patients with left 
ventricular dysfunction, with or without overt congestive 
heart failure.! 

It can be useful to conduct a prospective patient reg- 
istry in conjunction with a clinical trial. Patients enter- 
ing most clinical trials are a highly selected subset of the 
population of patients seen at the participating institu- 
tions. In SOLVD, patients with the worst prognoses, 
such as those who have a clear need for angiotensin- 
converting enzyme inhibitors? or a contraindication to 
their use, were excluded, whereas those with a better 
prognosis may be less likely to consent to an experimen- 
tal regimen. Certain subsets, such as those with primari- 
ly diastolic dysfunction, are completely excluded by de- 
sign, because an ejection fraction <35% was the key 
entry criterion in the trials. Although randomized clini- 
cal trials provide an unbiased method of evaluating the 
effectiveness of a therapy, the clinical course of the 
participants may not necessarily reflect that of a less 
selected population. Registries and carefully maintained 
screening logs can provide information on a more repre- 
sentative patient population and may thus help address 
the generalizability of results from trials. In cardiovas- 
cular research, relatively few trials have been accompa- 
nied by registries.” 5 The best known exception is the 
Coronary Artery Surgery Study, where the registry was 
a major emphasis.** In SOLVD, the registry has the 
complementary role of addressing questions that the tri- 
als may not be able to explore adequately. 

In addition to its use with the trials, the SOLVD 
Registry has a useful purpose in its own right. Since the 
Framingham Heart Study, there has been no broad- 
based evaluation of patients with clinical congestive 
heart failure. The spectrum of underlying disease may 
have changed considerably in the past 3 decades. Fur- 
thermore, the Framingham study had only 88 patients 
with congestive heart failure after 1 year.? Thus, the 
primary aim of the SOLVD Registry is to study the 
characteristics and clinical course of a relatively unse- 
lected cohort of patients with left ventricular dysfunc- 
tion or congestive heart failure presenting in participat- 
ing hospitals in the United States, Canada and Belgium. 
Other aims include: (1) to describe the relation of 
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SOLVD Registry participants with those in the 2 
SOLVD trials; (2) to document the relation of selected 
patient characteristics to morbidity and mortality; and 
(3) to obtain a detailed characterization of a stratified 
subsample of such patients, using a wide range of spe- 
cialized investigations. This report outlines the rationale 
and design of the SOLVD Registry, as well as baseline 
characteristics of the participants. 


METHODS 

Overview of Registry design. Relation among the 
SOLVD studies: The SOLVD Registry collected data 
on patients seen in a subset of SOLVD clinical centers 
during a 14-month period in 1988 to 1989. Data were 
collected in the following 2 stages: (1) abstracted from 
medical records of eligible patients (Registry Main 
Study), and (2) a random sample (stratified by etiolo- 
gy) of Main Study participants was selected to undergo 
clinical examination and detailed investigations (Regis- 
try Substudy). 

The Registry Main Study examined the relation of 
previously specified variables routinely collected in clini- 


cal practice with mortality and hospitalization overall 
and in subgroups of participants defined by various pa- 
tient characteristics. The Registry Substudy investi- 
gated the relation of electrocardiographic and echocar- 
diographic measures of left ventricular dysfunction and 
mass, frequency of arrhythmia, functional and exercise 
capacity, and neurohumoral levels to subsequent mor- 
bidity and mortality. 

Figure 1 schematically displays the relation of the 
various SOLVD studies. Men and women aged 21 to 80 
years with an ejection fraction <35% are eligible for the 
SOLVD trials, with exclusions based on clinical history, 
recent myocardial infarction, current dependence on an- 
giotensin-converting enzyme inhibitors, scheduled car- 
diovascular surgery, other major life-threatening dis- 
eases, women of child-bearing potential, use of other in- 
vestigational medications, and inability to give informed 
consent or adhere to the prerandomization protocol. Pa- 
tients with congestive heart failure were eligible for the 
Treatment Trial, whereas those with left ventricular 
dysfunction but no history of overt congestive heart fail- 
ure were eligible for the Prevention Trial; 18.7% of the 
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FIGURE 1. Relation between Studies of Left Ventricular Dysfunction Registry and trials. np, ny = numbers randomized to Pre- 
Main 


nst = numbers randomized to Prevention and Treatment Trials included in Registry Substudy, 
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Main Registry participants and 33% of the Substudy 
are also in 1 of these trials. 

Registry study size and power: In all, 6,273 patients 
were recruited into the Registry from January 1, 1988, 
to February 28, 1989, a 14-month overlap with the tri- 
als (Treatment Trial: July 1986 to February 1989; Pre- 
vention Trial: July 1986 to May 1990). Power calcula- 
tions for approximate sample sizes were based on as- 
suming a l-year mortality rate of 12% in the Registry 
population overall, with estimated death rates ranging 
from 5 to 36% for various subgroups (primarily those 
with rare etiologies). These calculations, performed un- 
der a variety of scenarios, generally showed excellent 
(20.98) power to detect between-group relative risks 
>2 at 3 years and in some cases even at 1 year. 

Participating hospitals: Eighteen of the 23 SOLVD 
centers participated in the Registry (15 in the United 
States, 1 in Belgium, and 2 in Canada). Each center 
was asked to identify 1 or 2 hospitals for participation. 
The hospitals represent a variety of institutions, includ- 
ing Veterans Administration hospitals, as well as aca- 
demic and private institutions (see Appendix). The 
study was approved by the institutional review boards of 
all institutions. 

Recruitment and procedures. Screening: Patients 
were screened from the following 2 types of sources: (1) 
echocardiographic, radionuclear and cardiac catheter- 
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FIGURE 2. SOLVD Registry flow dia- 
gram. 
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ization laboratories to identify those with an ejection 
fraction <45%, and (2) hospital discharge records to 
identify those with a clinical diagnosis of heart failure 
(Figure 2). Most patients (78.9%) were eligible on the 
basis of ejection fraction only, 13.8% on the basis of 
heart failure, and 7.3% on both. Ejection fraction was 
measured by radionuclide left ventricular angiography 
(multiple-gated activation or first pass), left ventricular 
contrast angiography (right anterior oblique or biplane) 
or 2-dimensional echocardiography (by either area- 
length method or modified Simpson’s rule)'®; no esti- 
mated ejection fractions were allowed. Patients recruit- 
ed from discharge records had to have a primary or sec- 
ondary diagnosis of congestive heart failure confirmed 
by radiologic evidence or signs of pulmonary venous 
congestion (basal or perihilar vascular blurring, Kerley 
B lines, alveolar or pulmonary edema, or pleural effu- 
sion secondary to congestive heart failure). All patients 
had to be aged =21 years; there was no upper age limit. 
Patients potentially eligible were listed in chronologic 
order on screening logs. 

Clinics varied in sources of screening. Nine of 18 
centers recruited primarily from radionuclide laborato- 
ries; in all, 46.9% of Registry participants were from 
this source. Discharge records and catheterization and 
echocardiographic laboratories were sources of 13.8, 
23.8 and 13.8% of participants, respectively. More pa- 
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TABLE I Comparison of Categorical, Demographic and Health-Related Factors Between Registry Participants and Studies of Left 
Ventricular Dysfunction Participants at Baseline 


Registry 
Main Study 
(n = 6,273) 


Prevention Trial 
(n = 4,228) 


Treatment Trial 
(n = 2,569) 


Registry Substudy 
(n = 898) 





Age (yr) 

21-60 1,156 50.0 2,215 52.4 2,544 40.6 450 50.1 

61-70 1,027 40.0 1,521 36.0 2,235 35.6 318 35.4 

71-80 385 15.0 490 11.6 1,177 18.8 111 12.4 

>80 — — — — 312 5.0 17 1.9 
Men 2,065 80.4 3,747 88.6 4,630 73.8 697 77.6 
Women 504 19.6 476 11.3 1,640 26.1 201 22.4 
Black 396 15.4 403 9.5 696 11.1 102 11.4 
Caucasian 2,061 80.2 3,657 86.5 5,369 85.6 761 84.7 
Ischemic heart disease 1,830 71.2 3,518 83.2 4,312 68.7 460 51.2 
Others etiologies 262 10.2 304 4:2 1,960 31.2 438 48.8 
Ejection fraction (%) 

<25 Loe 51.0 1,203 28.5 1,560 25.0 268 29.8 

26-35 1257 48.9 3,023 71.5 1,991 31:7 284 31.6 

36-45 — — l .02 1,858 29.6 243 27.1 

None — — — — 864 13.8 103 11.5 
New York Heart Association 

class 

III 1,740 67.7 4,221 99.8 — — 733 81.6 

III—IV 828 32.2 5 0.1 a — 150 16.7 
Diabetes mellitus 663 25.8 647 15:3 1,423 22.7 170 18.9 
Chronic obstructive pulmonary 257 10.0 226 5.3 938 15.0 116 12.9 

disease 
Smoker* 568 48.9 994 = I 4,076 73.4 583 72.5 
Myocardial infarction 1,687 65.7 3,382 80.0 3,694 58.9 419 46.7 


*Percentages are adjusted to account for missing data. 


tients (78.9 vs 13.8%) were recruited from laboratories 
than from discharge records. This difference may bias 
recruitment toward less ill patients, because it would 
disproportionately include those undergoing tests on an 
outpatient basis. 

Exclusion criteria: Potentially eligible patients ful- 
filling any 1 of the following conditions were excluded 
(percentage of total excluded is shown in parentheses): 
(1) any noncardiac life-threatening disease likely to sig- 
nificantly shorten survival (36.8%); (2) lack of reliable 
means to contact patient for follow-up, or lack of ade- 
quate medical records (24.6%); (3) inability to give in- 
formed consent (patients who died in-hospital during 
the qualifying visit could be enrolled posthumously, if 
allowed by the local review board) (20.2%); (4) myocar- 
dial infarction, cardiac surgery, percutaneous translu- 
minal coronary angioplasty or balloon valvuloplasty 
within 7 days (17.1%); and (5) nonvalvular congenital 
heart disease (1.3%). 

Data collection from medical records: Coordinators 
completed the baseline form using the patient’s medical 
records (defined as any accessible data, whether from 
patient’s chart, laboratory files or computer records). 
Records were reviewed for the following: (1) demo- 
graphic and clinical information; (2) evidence of pulmo- 
nary congestion on the most recent x-ray if obtained 
within 6 months and =7 days after myocardial infarc- 
tion or cardiac surgery or procedure; (3) etiology; (4) 
clinical history, if obtained within previous 3 months; 
(5) medications in use at last contact; (6) most recent 
physical examination within 3 months; (7) most recent 


laboratory tests (sodium, potassium, blood urea nitro- 
gen and creatinine) within 6 months; (8) most recent 
electrocardiogram within 3 months, but not within 72 
hours of myocardial infarction; and (9) most recent cor- 
onary arteriography if within 12 months. Enrollment 
was defined as the date of the qualifying measurement 
(ejection fraction or x-ray). 

Selection for Registry Substudy: Registry partici- 
pants were selected for the Substudy using a random- 
ization scheme stratified by primary etiology. All pa- 
tients with rare etiologies (active myocarditis, aortic or 
mitral valvular heart disease, or idiopathic or specific 
cardiomyopathy) were selected. Patients with ischemic 
or hypertensive heart disease were sampled at the same 
rate; this varied during the recruitment period, but aver- 
aged 36% over the study. A high-quality echocardio- 
gram, based on criteria specified in the protocol, was 
required at the visit before the patient was entered into 
the Substudy. Of 3,229 patients selected, 1,026 (32%) 
attended the visit, and 898 (88%) had echocardiograms 
of adequate quality to be included in the Substudy. 

Substudy evaluation procedures: The Substudy visit 
consisted of the following: (1) clinical history, (2) physi- 
cal examination, (3) chest x-ray if not obtained within 7 
days of myocardial infarction or cardiac surgery or pro- 
cedure, (4) electrocardiogram if >72 hours after myo- 
cardial infarction, (5) self-administered “Ladder of 
Life” questionnaire!' to assess global life satisfaction, 
(6) 70-minute ambulatory electrocardiographic moni- 
toring, (7) blood samples for neurohumoral determina- 
tions (plasma renin activity, norepinephrine, arginine 
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TABLE II Comparison of Continuous Demographic and Selected Clinical Variables Between Registry Participants and Randomized 
Studies of Left Ventricular Dysfunction Participants at Baseline 















Registry 
Substudy 


Registry 


Variable Treatment Trial Prevention Trial Main Study 



















Weight (kg) 79.9 + 17.3 81.4 + 14.5 79.0 + 18.0 79.9 + 16.9 
Height (cm) — — 170.7 + 10.1 172.0 + 9.6 
Heart rate 80.0 + 13.3 74.9 + 12.5 81.5 + 16.8 80.4 + 16.3 
Systolic blood pressure 124.9 + 17.7 125.4 + 16.5 127.5.+ 21.6 126.7 + 19.4 
Diastolic blood pressure 76.8 + 10.3 77.9 + 9.6 TIS BIT 77.3.2 11.9 
Cardiothoracic ratio 0.53 + 0.07 0.50 + 0.06 ” 0.53 + 0.07 
Plasma norepinephrine (pg/ml)tT 531.8 + 331.8 435.5 + 209.6 $ 498.3 + 305.4 
Plasma renin activity (ng/ml/hr)t 2.6 + 6.0 1.2 + 2.0 X 2:2: £5.24 
Arginine vasopressin (pg/ml) LER RI 2.4+ 1.4 a 2.6 + 1.8 
Atrial natriuretic peptide (pg/ml) 151.5 + 83.5 108.0 + 68.7 s 96.4 + 72.6 













*Cardiothoracic ratio and neurohormonal levels are not available for registry main study participants. 
tNeurohormones were measured in subgroup of patients in trials. Data reported here constitute baseline neurohormone measures obtained to date for all substudies. 






vasopressin and atrial natriuretic peptide),!? and (8) 6- 
minute walking test.!3 The ambulatory electrocardio- 
gram and blood for neurohumoral analysis were ob- 
tained as specified by the central laboratories. !° 

Follow-up: All participants not known to have died 
during the initial qualifying hospital visit were contact- 
ed 1 year after enrollment to determine vital status and 
inquire about interim hospitalizations. Standard forms 
regarding these events were completed from hospital 
charts, death certificates and interviews with relatives. 
In all, vital status was ascertained for 98.7% of the par- 
ticipants, and hospitalization was ascertained for 95.8%. 
Subsequent follow-up will be conducted by searches of 
national death indexes. 

Training and quality control: A manual of opera- 
tions providing details for all procedures for the Regis- 
try Main Study and Substudy was distributed to all co- 
ordinators. Before beginning the study, coordinators at- 
tended a 2-day training session. Coordinating center 
personnel disseminated protocol clarifications through- 
out the study. Extensive data quality checks were con- 
ducted during and at the end of the study. 

The central laboratories responsible for neurohu- 
moral, echocardiographic and ambulatory electrocar- 
diographic analyses conducted their own quality control 
procedures. Neurohumoral samples with known values 
were regularly sent with study samples and analyzed for 
deterioration. 


RESULTS 

Use of a registry in conjunction with a clinical trial: 
Tables I and II compare demographic and selected clin- 
ical factors of Registry participants with baseline data 
from SOLVD trial participants. The age distribution of 
the SOLVD Registry participants <80 years is similar 
to that of the Treatment Trial participants and slightly 
older than that of the Prevention Trial participants. The 
Registry Main Study and Substudy have a slightly 
higher proportion of women than do the trials; there are 
no substantial racial differences. Differences in distribu- 
tion of etiology and ejection fraction between the Regis- 
try and the 2 trials reflect design differences. Other 
characteristics were similarly distributed among all 3 
studies. Of the Registry participants considered for but 


Plasma renin activity values are reported only for registry participants not receiving angiotensin-converting enzyme inhibitors, because such treatment (which was not allowed at 
baseline for trials) may increase plasma renin activity. If all registry substudy participants are included, mean value is 4.8 + 10.1 ng/mi/hr. 









not randomized into either trial, 833 were receiving an- 
giotensin-converting enzyme inhibitors and 384 refused 
to participate. In Table II, no substantial differences be- 
tween the Registry and trial participants are seen, with 
the exception of certain neurohormones that were mea- 
sured only in Registry Substudy participants and in a 
subset of the trials’ participants. In summary, patients 
in the Registry were approximately comparable to those 
in the trials, except for differences implicit by design. 

Selection biases: To understand the effect of the re- 
cruitment source, the distributions of selected patient 
characteristics were compared between patients enrolled 
on the basis of congestive heart failure diagnosis and 
left ventricular dysfunction. 

Table III presents the distribution of age, etiology 
and ejection fraction in Registry patients separately for 
those with and without congestive heart failure. Patients 
with radiologic confirmation of congestive heart failure 
were considerably older, and had a lower prevalence of 


TABLE Il Percent Distribution in Registry Patients of Etiology, 
Age and Ejection Fraction by Status of Radiologically Confirmed 
Congestive Heart Failure at Baseline 


Without 
With CHF Known CHF 
Men Women Men Women 
(n = 766) (n = 556) (n = 3,864) (n = 1,084) 


Etiology 
Ischemic heart 
disease 
Hypertensive 
heart disease 
Aortic or valvular 
heart disease 
Specific cardio- 
myopathy 
Idiopathic cardi- 
omyopathy 
Myocarditis 
Age <60 years 
Ejection fraction 
<25%* 
*Patients recruited through discharge diagnosis need not have measured ejection 


fraction (thus, denominators for first 2 columns are 294 and 164, respectively). 
Three patients had missing gender data. 
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TABLE IV Comparison of Participants and Nonparticipants in 
Registry Substudy 










Selected; Not in 
Substudy (n = 2,331) 
(%) 


In Substudy 
(n = 898) 
(%) 























Age <60 years 38.8 50.1 
Men/women 68.3/31.7 77.6/22.4 
Black/ white 12.4/84.8 11.4/84.7 
Ischemic heart disease 48.0 51.2 
Ejection fraction <25% 26.5 29.8 
Diabetes mellitus 21.8 18.9 
Chronic obstructive pul- 16.9 12.9 
monary disease 
Cigarette smoker 73.4 72:5 
Myocardial infarction 44.7 46.7 
Pulmonary edema 38.4 29.6 
Pulmonary congestion 33.8 23.7 






on x-ray 






ischemic heart disease and a lower ejection fraction 
than those recruited without radiologically confirmed 
heart failure (and thus were eligible owing to low ejec- 
tion fraction). 

Reasons for nonparticipation in the Registry Sub- 
study varied by clinic. Because of the greater burden on 
participants compared with that for the Main Study, 
the refusal rate was higher. Hospitals that offer tertiary 
care or serve a geographically dispersed population had 
a high nonparticipation rate because of problems of dis- 
tance, which accounted for 11% of nonparticipation 
across all clinics. Furthermore, 14% of nonparticipants 
did not participate because of severe illness or physical 
handicap, and 28% died between the time of selection 
and the Substudy visit. These reasons for nonparticipa- 
tion (especially the latter 2) suggest that participants in 
the Substudy are relatively less ill than those in the 
Main Study. The requirement for a good-quality echo- 
cardiogram excluded many patients after selection and 
consent. 

To examine nonparticipation biases, demographic 
variables and measures of severity of illness were com- 
pared between patients in the Substudy and those se- 
lected for the Substudy who did not participate (Table 
IV). Nonparticipants tended to be older and female, 
whereas participants had a higher proportion of history 
of smoking and myocardial infarction. Nonparticipants 
more frequently had history of pulmonary edema (38.4 
vs 29.6%) and congestion on x-ray (33.8 vs 23.7%) than 
did participants. 


DISCUSSION 

The cohort of patients in the SOLVD Registry 
(n = 6,273) and trials (n = 6,797) probably represents 
the largest group of patients with left ventricular dys- 
function ever characterized. The Registry has been suc- 
cessful in including a broad, more representative and 
relatively unselected cohort compared with the trials. 
The large number of participants with clinically rare 
etiologies is a unique and statistically powerful resource 
for the study of morbidity and mortality in these sub- 
groups. The Registry is also the first such cohort select- 
ed from 18 different clinical centers across 3 countries. 


The study of the clinical course of this cohort has the 
potential to provide useful insights into the hospital- 
based management of congestive heart failure. 

In general, registries are limited by lack of standard- 
ization of inclusion and exclusion criteria, variation in 
screening methods, incomplete data, lack of uniformity 
of definitions, and referral biases. The SOLVD Registry 
standardized definitions, methods and procedures across 
clinical centers and collected data prospectively. As a 
hospital-based (rather than population-based) study, the 
Registry is limited to the referring population and is 
prone to biases resulting from socioeconomic and clini- 
cal differences in the types of patients seeking medical 
attention, differences among medical communities in 
decisions to measure ejection fraction or to use quanti- 
tative or estimated values, differences in the criteria for 
diagnosis of congestive heart failure and other uncon- 
trolled factors. However, because the SOLVD Registry 
was conducted in a subset of the same hospitals where 
the SOLVD trials were conducted, similar biases would 
be found in both cohorts. Because of the absence of sub- 
stantial differences in demographic and clinical vari- 
ables between the Registry and the trials (other than 
those by design), the Registry cohort can be viewed as 
the population from which SOLVD trial participants 
would be selected, and with the aforementioned consid- 
erations, as representative of the population of patients 
with left ventricular dysfunction at these institutions. 

As expected, the participants in the SOLVD Regis- 
try are different from those in the trials. The Registry 
has more participants with higher ejection fractions, 
more older patients, fewer patients with ischemic heart 
disease as the etiology, more patients with hypertensive 
heart disease, more women, and more patients with pul- 
monary edema than have the trials. By design, there 
were proportionately more patients with very low ejec- 
tion fractions (<25%) in the SOLVD trials than in the 
Registry. Whereas 30% of patients in the Registry have 
ejection fractions >35%, by design there are no such 
patients in the SOLVD trials. Hence, by some criteria 
patients in the Registry have less illness, and by other 
criteria they are sicker. 

The purpose of the Registry appears to have been 
achieved; it includes patients at both ends of the spec- 
trum of left ventricular dysfunction who were excluded 
from the SOLVD trials, and additional rare etiologies 
and pathophysiologies are also present. 
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APPENDIX 

Participating hospitals and central agencies: Uni- 
versity of Michigan Hospital, Ann Arbor, Michigan: 
John Nicklas,* Bertram Pitt, Jan Vasbinder, Greg 
Henry, Penny Papadopoulos, Laura Quain, and Susan 
Schreiber; University of Alabama at Birmingham, 
Birmingham, Alabama: William Rogers,* Vera A. 


*Principal Investigator 
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Bittner,* and Glenda H. Blackburn; West Roxbury VA 
Hospital, West Roxbury, Massachusetts: Kevin M. 
MclIntyre,* Joseph Loscalzo, G.V.R.K. Sharma, Daniel 
Pietro, and Patricia Woods; Mont Godinne University 
Hospital, Brussels, Belgium: B. Marchandise,* E. 
Schroeder, R. Kremer, and C. Libois-Kesch; Buffalo 
General Hospital, Buffalo, New York: Robert M. 
Kohn,* Lois D. Banks, and Nancy A. Roberts; Cook 
County Hospital, Chicago, Illinois: Jalal K. Ghali (un- 
til August 1990),* James Mathew (since September 
1990),* Krishnan Nambudiri, Sandra Davidson, Susan 
Standford, Bashar Al-Aswad, and Corless Taylor; 
Shands Hospital, and VA Medical Center, Gainesville, 
Florida: Carl J. Pepine,* J. Russell Green, Eileen 
Handberg, Cindy Kohuth, and Lithia Wright; Victoria 
General Hospital, Halifax, Nova Scotia, Canada: Da- 
vid E. Johnstone,* Monica Francis, and Beryl Carew; 
Baylor College of Medicine, Houston, Texas: James B. 
Young,* Claudette Foreman, and Linda Miller; Mi ichi- 
gan State University, Lansing, Michigan: Philip C. Kir- 
lin* (satellite center: Butterworth Hospital, Grand 
Rapids, Michigan: Kristin McKay and Mary VanDer- 
Puy); Montreal Heart Institute, Montreal, Quebec, 
Canada: Martial G. Bourassa (Registry Chairman),* 
Claude Goulet, Gilbert Gosselin, Michel Joyal, Diane 
Leclerc, and Suzanne Morin; Vanderbilt University 
School of Medicine, Nashville, Tennessee: Gottlieb C. 
Friesinger II (Registry Vice Chairman),* Louise A. 
Brown, and Yvonne D. Bernard; University of Medicine 
and Dentistry of New Jersey, New Brunswick, New 
Jersey: John B. Kostis,* Daniel M. Shindler, Sophia 
Karstensen, Nora Cosgrove, Susan Krieger, and Laurie 
Casazza (satellite center: University of Medicine and 
Dentistry of New Jersey, Browns Mills, New Jersey: 
Barbara Hill and Lee Wood); Oregon Health Sciences 
University and VA Medical Center, Portland, Oregon: 
Barry Greenberg,* Maureen Guiollotte, and Cass Lang; 
Rhode Island Hospital, Providence, Rhode Island: 
Robert J. Capone,* Concetta F. Lamore, and Kathy 
Handshaw; University of Rochester School of Medicine 
and Dentistry, Rochester, New York: William B. 
Hood,* Chang-seng Liang, and Kathleen D. Miller; 
Overlook Hospital, Summit, New Jersey: John J. Greg- 
ory* and Trudy Kimball; Westchester Medical Center, 
Hawthorne, New York: Michael V. Herman,* Richard 
H. Kay, Melvin B. Weiss, Steven R. Ripa, and Nancy 
Treulieb. 


*Principal Investigator 


Coordinating center: Collaborative Studies Coordi- 
nating Center, Department of Biostatistics, University 
of North Carolina, Chapel Hill, North Carolina: Shri- 
kant Bangdiwala,* Debra Weiner, Lars Ekelund, and 
Kirkwood Adams. 

Neurohumoral central laboratories: University of 
Texas Medical Center, Galveston, and University of 
Texas Health Science Center, Houston, Texas: Claude 
Benedict* and David Cappolino. 

Echocardiography central laboratory: Methodist 
Hospital, Houston, Texas: Miguel Quinones.* 

Holter central laboratory: Baylor College of Medi- 
cine, Houston, Texas: Craig Pratt* and Marilyn Fran- 
cis. 

Project office: Clinical Trials Branch, National 
Heart, Lung, and Blood Institute, National Institutes 
for Health, Bethesda, Maryland: Salim Yusuf (Project 
Officer)* and Jeffrey Probstfield. 
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Effects of Once-Daily Benazepril Therapy on 
Exercise Tolerance and Manifestations of 





Chronic Congestive Heart Failure 


Harry T. Colfer, MD, Hillel S. Ribner, MD, Alan Gradman, MD, C. Vincent Hughes, MD, 
Amar Kapoor, MD, and James C. Laidlaw, MD, for the Benazepril Heart Failure Study Group* 


The effects of the long-acting angiotensin-convert- 
ing enzyme inhibitor benazepril hydrochloride on 
exercise tolerance and signs and symptoms of 
congestive heart failure (CHF) were evaluated in a 
double-blind, multicenter, placebo-controlled clini- 
cal trial. Patients with chronic New York Heart 
Association class Il to IV symptoms of CHF and an 
ejection fraction by radionuclide scanning of 
<35% were randomized in a 2:1 ratio to treat- 
ment with ascending doses of oral benazepril 
(n = 114) or placebo (n = 58) once daily, while con- 
tinuing to receive background therapy with digox- 
in and diuretics. After randomization, patients 
were evaluated clinically every 2 weeks during a 
12-week, double-blind treatment period. Maximal 
exercise tolerance was measured before and at 
specified time points after randomization by grad- 
ed treadmill exercise testing. At week 12, mean 
exercise time increased 95 + 12 (SEM) seconds in 
the group receiving benazepril, whereas the in- 
crease was 37 + 18 seconds in the group receiv- 
ing placebo (p <0.01 for the difference between 
the groups). There was also greater improvement 
in overall clinical status and in the signs and 
symptoms of CHF in benazepril-treated patients 
than in control subjects. There were 3 deaths in 
placebo-treated patients and none in benazepril- 
treated patients (p <0.05); the overall incidence of 
adverse effects was identical in the 2 groups. Ben- 
azepril is a well-tolerated angiotensin-converting 
enzyme inhibitor that provides clinically important 
improvement in exercise tolerance and in signs 
and symptoms when given once daily to patients 
with CHF receiving background therapy with di- 
goxin and a diuretic. 

(Am J Cardiol 1992;70:354-358) 
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enazepril hydrochloride is the prodrug of a non- 
Beam angiotensin-converting enzyme inhibi- 

tor with a long duration of action that results 
in effective enzyme inhibition with once-daily dosing. 
Benazepril is excreted by both the liver and kidney, and 
dose adjustment has not been found to be necessary in 
patients with hepatic dysfunction, mild to moderate re- 
nal insufficiency or advanced age.” Studies of other 
angiotensin-converting inhibitors in patients with con- 
gestive heart failure (CHF) have shown beneficial ef- 
fects on hemodynamics,*> exercise tolerance and symp- 
toms,®!° and mortality.!! The acute administration of 
single oral doses of benazepril to patients with CHF has 
been shown to increase cardiac output and reduce pul- 
monary capillary wedge pressure; the effect on pulmo- 
nary capillary wedge pressure persists for 24 hours.!2 
An uncontrolled, open-label study indicated that ben- 
azepril enhances exercise tolerance in patients with 
CHF.'? The present study, using a randomized, place- 
bo-controlled, double-blind design, tests the hypothesis 
that treatment with benazepril improves exercise toler- 
ance and the signs and symptoms of CHF in patients 
who are receiving digoxin and diuretics. 


METHODS 

One hundred seventy-two patients over the age 18 
years participated in this trial, which was conducted at 
22 sites between March 1987 and March 1989. All pa- 
tients had chronic symptoms of CHF corresponding to 
New York Heart Association classes II to IV and had 
exercise tolerance limited by fatigue or dyspnea. Pa- 
tients had to have a resting left ventricular ejection frac- 
tion of <35% by radionuclide scanning. All patients 
were required to be receiving treatment with stable 
doses of digoxin and diuretics for at least 1 week before 
randomization; the use of other drugs known to affect 
blood pressure or cardiac function was not permitted. 
Vasodilators (including long-acting nitrates) and B 
blockers were discontinued 23 days before randomiza- 
tion and were prohibited during the trial. 

Screening and baseline stabilization period: Pa- 
tients who were considered potential candidates and 
who provided written informed consent were seen for a 
screening visit. At this visit, a medical history and phys- 
ical examination were obtained, along with laboratory 
safety tests consisting of an electrocardiogram, blood 
chemistries, complete blood count and urinalysis. If the 
results of this evaluation indicated eligibility for partici- 
pation, patients entered a baseline stabilization period. 
Treatment was begun with a single-blind placebo tab- 
let (identical in appearance to active benazepril) given 
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once daily. After receiving single-blind placebo for a 
minimum of 3 days, patients underwent the first of 22 
treadmill exercise tolerance tests, using a modified 
Naughton protocol.'* Patients were encouraged to exer- 
cise until achieving a score of at least 17 on the Borg 
scale of perceived exertion.'> Exercise was stopped when 
the patient reported intolerable dyspnea or fatigue, or 
when clinical or electrocardiographic signs appeared 
that, in the opinion of the attending physician, posed a 
significant hazard. Patients whose exercise capacity was 
in the range of 1 to 16 minutes, and was limited by 
dyspnea or fatigue, continued in the single-blind placebo 
period. The exercise test was repeated at 1- to 7-day 
intervals over the next 4 to 14 days until the duration of 
2 consecutive tests differed by <120 seconds. If this cri- 
terion was fulfilled, a final baseline visit was scheduled, 
at which the laboratory tests were repeated, a chest x- 
ray was obtained, and blood was drawn for measure- 
ment of plasma renin activity, angiotensin-converting 
enzyme activity, and plasma aldosterone concentration. 
During the baseline period, and in the ensuing double- 
blind treatment phase, patients continued to receive 
digoxin and diuretics. Every attempt was made to main- 
tain a fixed dose of digoxin. However, the dose of diu- 
retic could be adjusted upward or downward if warrant- 
ed by weight gain or hypovolemia, respectively. 

Double-blind treatment period: Within 1 week of 
completing the baseline studies, patients entered a 12- 
week, double-blind treatment period and were random- 
ized in a 2:1 ratio to receive either benazepril or match- 
ing placebo once daily. The initial dose of active drug 
was 2 mg. After receiving the first tablet, all patients 
were observed for 4 hours in the event that untoward 
hypotension occurred. They were then followed as out- 
patients, with assessment of signs and symptoms of 
CHF at 2-week intervals and repeat treadmill exercise 
testing at weeks 2, 4, 8 and 12. Laboratory safety tests 
were performed before each treadmill test and hor- 
mones were measured again at weeks 6 and 12. 

At weeks 2, 4 and 8, the protocol required an in- 
crease in the daily dose of the double-blind study drug 
by 1 dose level (to 5, 10 or 20 mg, respectively) if symp- 
tomatic hypotension or a standing systolic blood pres- 
sure <100 mm Hg were absent and there was a need 
for additional therapeutic effect as evidenced by persis- 
tent signs and symptoms of CHF or the inability to per- 
form 16 minutes of treadmill exercise. A reduction in 
dose was permitted during the course of the study if 
symptomatic hypotension developed. 

At each visit, patients were observed for, and ques- 
tioned in a general way about, adverse effects; no specif- 
ic symptoms were suggested. Reasonable efforts were 
made to keep patients in the study. However, patients 
were withdrawn from the study if they had severe side 
effects or intolerable CHF symptoms appeared. 

Criteria for effectiveness: The primary measure of 
effectiveness was the change in exercise duration from 
the last exercise test performed in the baseline period. 
Secondary criteria included changes in the signs and 
symptoms of CHF. At baseline and at each subsequent 
visit, subjective complaints and physical findings were 
graded according to the following scales (in order of 


increasing severity): dyspnea on effort (0 to 4+), fatigue 
(0 to 4+), orthopnea (0 to 3+), rales (0 to 3+), edema 
(0 to 3+). The presence or absence of dyspnea at rest, 
paroxysmal nocturnal dyspnea, third heart sound and 
jugular venous distension was also documented. In addi- 
tion, at each visit after randomization the patient was 
asked to give a “global evaluation of progress” to that 
point (graded as “marked improvement,” “moderate 
improvement,” “slight improvement,” “no change” or 
“worsening”) and the investigator was required to reas- 
sess the New York Heart Association class. 

Statistical methodology: Demographic characteris- 
tics and measures of disease severity at baseline were 
compared using analysis of variance! for continuous 
variables or Cochran-Mantel-Haenszel tests!’ for cate- 
gorical data. Exercise duration was evaluated using an 
“intent-to-treat” analysis, which included all patients 
and all available exercise tests. Changes from baseline 
in exercise duration were compared in the 2 treatment 
groups using 2-way analysis of covariance in which 
baseline exercise time was prospectively designated as 
the covariate.!8 For the secondary measures of efficacy, 
the distribution of differences from baseline of scores 
were compared using the row-mean-score version of 
the Cochran-Mantel-Haenszel test for ordinal responses 
and the general association version of the Cochran- 
Mantel-Haenszel test for dichotomous responses. All ef- 
ficacy results were analyzed for (1) each time point at 
which the test was performed; and (2) “study end 
point,” defined as either at week 12 (for patients com- 
pleting the study) or at the last double-blind visit for 
which data were available (for patients withdrawn be- 
fore week 12). Data for study end point therefore in- 
clude all the randomized patients regardless of duration 
in the trial. The incidence of specific adverse experi- 
ences was compared using the chi-square test when 
there were 25 events in either treatment group, and 
Fisher’s exact test for all other cases. Changes in hemo- 
dynamic and laboratory parameters were compared us- 
ing analysis of covariance. Values for continuous vari- 
ables are given as mean + SEM. Statistical significance 
was defined as p <0.05. 


RESULTS 

Patient characteristics and disposition of patients: 
One hundred fourteen patients were randomized to ben- 
azepril and 58 to placebo. At 8 of the 22 investigative 
sites fewer than 6 patients were enrolled. For the pur- 
poses of data analysis, these sites were combined, assur- 
ing that at each center there was at least 1 patient in 
each of the treatment groups. 

The characteristics of the 2 groups at baseline are 
listed in Table I. There were no statistically significant 
differences between the benazepril and placebo popula- 
tions in any baseline variable with the exception of the 
distribution of patients among the New York Heart As- 
sociation classes. 

By week 12 of this study, 98 of 114 patients random- 
ized to benazepril were still receiving therapy; 15 were 
taking 2 mg, 18 were taking 5 mg, 23 were taking 10 
mg and 42 were taking 20 mg/day. The distribution of 
patients taking placebo among the equivalent dose levels 
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was statistically indistinguishable from that of patients 
taking benazepril. In both groups, the inability to in- 
crease the dose to the highest dose level was ascribed, in 
almost every case, to a blood pressure below the mini- 
mum prescribed by the protocol. 

Sixteen (14%) patients taking benazepril were un- 
able to complete the entire 12 weeks: 12 developed ad- 
verse effects, 1 had intolerable CHF symptoms, 1 was 
lost to follow-up and 2 were withdrawn for protocol vio- 
lations. Of the 58 patients randomized to placebo, 13 
(22%) did not complete the study: 3 died, 1 was a treat- 
ment failure, 5 developed severe adverse experiences, 2 
were protocol violators, 1 withdrew consent and 1 was 
lost to follow-up. Two placebo-treated patients did not 
undergo exercise testing after randomization and were 
not included in the analysis of exercise duration. One 
benazepril-treated patient completed 12 weeks of treat- 
ment but did not have an exercise test at the final visit. 

Change in exercise duration: At baseline, mean ex- 
ercise duration in the benazepril group (472 + 17 sec- 
onds) did not differ statistically from that in the placebo 
group (525 + 28 seconds). Exercise duration increased 
in both groups during the double-blind period. However, 
after 4 weeks, exercise time increased more with ben- 
azepril than with placebo; the separation between the 


TABLE I Baseline Characteristics of the Treatment Groups 


Benazepril Placebo 
(n = 114) (n = 58) 


39-87 (62) 












Age range (yr) (mean) 29-79 (61) 











Men/women; n (%) 94 (82)/20 (18) 49 (84)/9 (16) 
NYHA class; n (%)* 
II 56 (49) 37 (64) 
Ill 56 (49) 21 (36) 
IV 2 (2) 0 (0) 
Ejection fraction 2527% 25+1% 
Duration of CHF in (yr) 4+1 4+1 
Etiology of CHF; n (%) 
Ischematic 64 (56) 32 (55) 
Idiopathic 27 (24) 19 (33) 






Other 23 (20) 7 (12) 


*Difference in distributions of NYHA classes are significant (p = 0.025). 
CHF = congestive heart failure; NYHA = New York Heart Association. 
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(broken line) and placebo (solid line). Vertical bars represent 
1 SEM. *p <0.01; **p <0.05. 


groups became progressively greater with increasing du- 
ration of therapy (Figure 1). At week 12, mean increase 
in exercise time in the benazepril group was 95 + 12 
seconds versus 37 + 18 seconds in the placebo group 
(p = 0.007 for the differences between the groups). 
Changes in exercise duration at study end point were 
also significantly different: 80 + 11 and 36 + 16 sec- 
onds, respectively (p = 0.022). Because of the unequal 
distribution of patients among New York Heart Associ- 
ation classes at baseline, an analysis of the changes in 
exercise duration was performed using baseline New 
York Heart Association class as an additional covariate. 
This retrospective analysis confirmed the greater im- 
provement in exercise duration in the group taking ben- 
azepril (p = 0.007 at week 12, p = 0.020 at study end 
point). 

Change in secondary efficacy variables: At week 12, 
symptoms of CHF improved by 1 or more New York 
Heart Association classes in 31% of patients receiving 
benazepril compared with 15% receiving placebo; it wors- 
ened by 1 class in 7% of placebo patients and 3% of bena- 
zepril patients (Table II). The distribution of changes in 
New York Heart Association class was statistically in 
favor of benazepril at week 12 (p = 0.012) and at study 
end point (p = 0.003). Global evaluation of progress, as 
reported by the patients, also improved more in the bena- 
zepril group at both week 12 (p = 0.027) and study end 
point (p = 0.007; Table III). Among the individual signs 
and symptoms of CHF, there was statistically greater 
improvement in the benazepril patients with regard to 
severity scores for fatigue, rales and edema, at both week 
12 and end point (all p <0.05). The other signs and 
symptoms all showed trends toward greater improvement 
in the benazepril group but the differences were not sta- 
tistically significant. 

The dose of diuretic was increased in 14 patients in 
the benazepril group and in 7 patients in the placebo 
group. Because twice as many patients were random- 
ized to benazepril than to placebo, the percentages were 
identical. The diuretic dose was decreased in 11 benaze- 
pril-treated patients but in only 1 placebo-treated pa- 
tient. 

Clinical safety and adverse experiences: With ben- 
azepril, systolic blood pressure in the supine position de- 
creased from 125 + 2 mm Hg at baseline to 117 + 2 
mm Hg at week 12; supine diastolic pressure decreased 
from 76 + 1 to 72 + 1 mm Hg. Corresponding pres- 
sures in the placebo group were similar at baseline to 
those of the benazepril patients but did not decline with 


TABLE Ii Changes in New York Heart Association Class 
Between Baseline and Week 12 


No. of Pts. Taking No. of Pts. Taking 
Change in Benazepril Placebo 
Class (%) (%) 


O (0) 
1 (2) 
6 (13) 
35 (78) 
3 (7) 


1 (1) 
7 (7) 
22 (23) 
65 (66) 
3 (3) 


p = 0.012 for the distribution of changes in New York Heart Association classes in 
benazepril-treated compared with placebo-treated patients. 





356 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 1, 1992 


therapy. The differences in pressure between the groups 
were significant during double-blind therapy (p <0.01). 
Similar differences were recorded for the standing blood 
pressures. Pulse rates decreased slightly in both groups, 
in both positions, and there were no significant inter- 
group differences. Either dizziness or postural dizziness 
was reported in 19% of the benazepril-treated patients 
compared with 9% of the placebo group. Among the 
patients receiving benazepril, 1 patient was hospitalized 
for those symptoms and 4 required the dose of the study 
drug to be reduced. 

Overall, adverse clinical experiences occurred in 66% 
of patients in both treatment groups. In addition to diz- 
ziness, the most frequently observed adverse experiences 
were chest pain, increased cough, rhinitis and upper res- 
piratory infection; the incidence of these experiences 
was similar in the 2 groups. | 

Adverse experiences, other than death, that resulted 
in withdrawal of a patient occurred in 12 of 114 benaze- 
pril-treated (11%) and in 5 of 58 placebo-treated (9%) 
patients. The difference between the groups was not 
significantly different. Death occurred in 3 placebo- 
treated patients and in no benazepril-treated patients (p 
<0.05). The causes of death were progressive coronary 
artery disease, sudden cardiac death, and an automobile 
accident in 1 patient each. 

Laboratory values: There were no statistically sig- 

ificant differences in mean values of laboratory safety 
tests in either treatment group. Two patients taking 
benazepril and no placebo patients were withdrawn be- 
cause of laboratory findings. Mild increases in serum 

-eatinine were noted in 7 patients in the benazepril 
group and in 5 patients in the placebo group; however, it 
did not exceed 2.4 mg/dl in any patient. No patient 
developed nephrotic syndrome, leukopenia, neutropenia 
or clinically significant hyperkalemia. 

Mean plasma renin activity, angiotensin-converting 
e e activity and plasma aldosterone concentration 

ere similar in the treatment groups at baseline. By 

eek 12, plasma renin activity increased (7.2 to 18.3 

g/ml/hour) and angiotensin-converting enzyme activi- 
ty decreased (26.8 to 8.9 IU/liter) in the benazepril 
oroup but were unchanged in the placebo group (differ- 
ences were significant for both enzymes p <0.001). The 
mean aldosterone level also decreased in the benazepril 
group, although this change was not significantly differ- 
ent from the change in the placebo group. 


YISCUSSION 

In this randomized, double-blind, placebo-controlled 
rial, therapy with benazepril significantly improved 
both maximal exercise tolerance and clinical status in 
CHF patients with New York Heart Association class 
I to IV symptoms. The results after 12 weeks were sim- 
lar to those reported in comparable trials with the an- 
siotensin-converting enzyme inhibitors captopril,’” ena- 
april® and lisinopril,*:!° supporting the clinical efficacy 
of these drugs as a unique class with shared mecha- 
isms of action. 

The benefit on exercise performance in this study 
became more impressive with longer duration of treat- 
ment. However, because an ascending dose regimen was 





TABLE Ill Global Evaluation of Progress at Study End Point 


No. of Pts. 
Taking 
Benazepril (%) 


No. of Pts. 
Taking 
Placebo (%) 


15 (26) 
9 (16) 
10 (17) 
18 (16) 13 (22) 
5 (4) 11 (19) 


p = 0.007 for the distribution of global evaluation of progress in benazepril-treated 
compared with placebo-treated patients. 


36 (32) 
30 (26) 
25 (22) 


Marked improvement 
Moderate improvement 
Slight improvement 

No change 

Worsening 


used (with upward titration at weeks 2, 4 and 8), it 
cannot be stated whether the increasing effect was due 
to a delay in the onset of drug action or to the higher 
doses achieved as the study progressed. An analogous 
pattern was described in the captopril multicenter trial, 
in which the dose was kept constant throughout after a 
very short titration phase.’ It is unlikely that improve- 
ment in the present study was due to better control of 
intravascular volume in the benazepril patients, since 
the dose of diuretics was increased in the same percent- 
age of benazepril patients as that in control subjects. 

In general, adverse clinical experiences were no more 
frequent in the benazepril group than in the placebo 
group in this study. Although the incidence of death 
was not a predetermined efficacy criterion, fewer pa- 
tients died while taking benazepril than while taking 
placebo. Dizziness appeared to be more prominent in 
the benazepril-treated patients, presumably because of 
the reduction in systemic blood pressure often found 
with angiotensin-converting inhibitors and confirmed by 
our data. The contention might be made that this re- 
duction in blood pressure makes a true double-blind 
protocol impossible. However, the distribution of pa- 
tients among the 4 dose levels was the same in the ben- 
azepril and placebo groups, suggesting that the investi- 
gators were unaware of the nature of the study drug in 
individual patients because the same blood pressure cri- 
teria were used to preclude an increase to higher doses 
in all patients. 

Captopril has been implicated as the cause of ne- 
phrotic syndrome and renal failure in patients with 
CHF!’ and enalapril has been associated with renal 
failure in the same population.” Concerns have been 
expressed that deleterious effects on renal function may 
occur more often with the long-acting angiotensin-con- 
verting enzyme inhibitors than with those with more 
limited duration of effect.?! In the present investigation, 
no significant changes occurred in mean values for 
blood urea nitrogen and serum creatinine, and the per- 
centage of patients who developed elevations of creati- 
nine were similar in the benazepril and placebo groups. 
Further, no patient (of the 114 receiving benazepril) 
experienced renal failure or the nephrotic syndrome. 
Based on these data, the risk of adverse effects of ben- 
azepril on the kidney appears to be no greater than the 
risk with the shorter-acting agent captopril. 

This trial supports the conclusion that benazepril ad- 
ministered once daily is effective in improving exercise 
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tolerance and the signs and symptoms of CHF in ambu- 
latory patients receiving background treatment with di- 
goxin and diuretics. Benazepril is well tolerated in this 
population, and should provide a convenient alternative 
to drugs with similar action which may require more 
frequent dosing. 


APPENDIX 
Clinical centers: John E. Angelo, DO, Bohram Za- 
manian, MD, Afifa Halim, MD, The New Orleans In- 


stitute of Clinical Investigation, New Orleans, LA; 


Lofty L. Basta, MD, Judy King, RN, Tulsa Heart Cen- 
ter, Tulsa, OK; Michael J. Boland, MD, Patrick Lehan, 
MD, Thomas N. Skelton, MD, Terry Spencer, RN, 
University of Mississippi Medical Center, Jackson, 
MS; Bernard R. Chaitman, MD, Robert D. Wiens, 
MD, Arthur J. Labovitz, MD, Richard I. Blum, MD, 
Sheila Byers, RN, Grace Barth, RN, St. Louis Univer- 
sity Hospital, St. Louis, MO; Salvatore A. Chiaramida, 
MD, Anthony J. Chiaramida, MD, Vicki Uhrin, RN, 
Patricia Michalsky, Perth Amboy General Hospital, 
Perth Amboy, NJ; Harry T. Colfer, MD, Harold Wil- 
lens, MD, Karen Graham, RN, Burns Clinic Medical 
Center, Petoskey, MI; John E. Douglas, MD, Santosh 
Prabhu, MD, Terry Carle, PA, East Tennessee State 


University College of Medicine, Johnson City, TN; 


Walter Flamenbaum, MD, Allan Goldstein, MD, Ru- 
dolph Angelis, MD, S. Angelis, MD, Leslie Fields, RN, 
Sandra Greene, RN, Pharm Evaluation Services, En- 
glewood Cliffs, NJ; Julius M. Gardin, MD, Marlene 
Lazarus, MD, F. William King, MD, Margaret Knoll, 
RD, MS, University of California Irvine Medical Cen- 
ter, Orange, CA; Jeffrey I. Gorwit, MD, John H. Detr- 
veiler, MD, Christopher R. Gilbert, MD, Donna Mc- 
Adams, RN, Escondido Cardiology Associates, Escon- 
dido, CA; Alan H. Gradman, MD, John F. Setaro, 
MD, Robert Saufer, MD, Ebrahim Mostovfi-Moab, 
MD, Kate Rohlfs, RN, Yale University, New Haven, 
CT; Bruce K. Jackson, MD, Gary L. Kessel, MD, Har- 
vard F. Abrams, MD, Peggy Walker, CCVT, Cardiolo- 
gy Associates, Redondo Beach, CA; Amar Kapoor, 
MD, David Bloomfield, MD, Vicki Mahoney, RN, 
Kaiser Foundation Hospital, Los Angeles, CA; James 
C. Laidlaw, MD, Philip J. O’Donnell, MD, William A. 
Houck, MD, John H. Armstrong, MD, Linda Stollings, 
RN, Selma Medical Associates, Winchester, VA; Rob- 
ert Margolis, MD, Richard Hart, MD, Aya Dinning, 
RN, Roshalda Williams-Epps, PA, Theresa Makare- 
gicz, RN, California Primary Physician Medical 
Group, Los Angeles, CA; Frank A. McGrew, MD, 
James Porterfield, MD, Russell Howard, MD, Barbara 
Hamilton, RN, Patty Siano, RN, The Cardiology 
Group of Memphis, Memphis, TN; James E. Price, 
MD, Katherine Russel, RN, James Richards, RN, Car- 
diology Associates of Santa Rosa, Santa Rosa, CA; 
Hillel Ribner, MD, Cynthia Dills, RN, Northwestern 
University Medical School, Chicago, IL; Allen Rhodes, 
MD, Michael Sawaya, MD, Robert Shiroff, MD, Jerry 
Routh, MD, Bob Vanselow, PA, Cardiovascular Con- 
sultants of Nevada, Las Vegas, NV; Charles Steiner, 
MD, Donald Pecoraro, RN, PES-Louisiana, Marrero, 
LA; Robert Touchon, MD, Kim Manson, RN, Mar- 


shall University School of Medicine, Huntington, WV; 
Felix E. Tristani, MD, C. Vincent Hughes, MD, San- 
dra Laedtke, RN, Grace Daniels, RN, Veterans Ad- 
ministration Medical Center, Milwaukee, WI; Jeffrey 
A. Werner, MD, John Olsen, MD, Sarah Speck, MD, 
Sue Heckman, RN, Nancy Jensen, RN, Redmond 
Medical Center, Redmond, VA; Paul Wolfson, DO, 
Kenneth Ramsey, DO, Sarah Dunlap, RN, Delores 
Rabbelhoffer, RN, Olympia Fields Osteopathic Medi- 
cal Center, Chicago, IL. 

Coordinating center: John J. Whalen, MD, Lynn A. 
Gourley, RN, MS, Lillian M. Dampman, PhD, Sarah 
M. Lowell, MS, Valerie G. Arneson, MS, G. H. Besse- 
laar Associates, Princeton, NJ. 
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Lotensin® 
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Tablets 


_ BRIEF SUMMARY. FOR FULL PRESCRIBING 
_ INFORMATION, SEE PACKAGE INSERT 


Use in Pr 


nancy 
When u 


in pregnancy during the second and third 


trimesters, ACE inhibitors can cause injury and even 
death to the developing fetus. When pregnancy is 


detected, Lotensin should be discontinued as soon as 
possible. See WARNINGS. Fetal/Neonatal Morbidity 
and Mortality. 


INDICATIONS AND USAGE 
Lotensin is indicated for the treatment of hypertension. It may be 
used alone or in combination with thiazide diuretics. 

In using Lotensin, consideration should be given to the fact that 
another angiotensin-converting enzyme inhibitor, captopril, has 
caused ee: particularly in patients with renal 
impairment or collagen-vascular disease. Available data are 
insufficient to show that Lotensin does not have a similar risk (see 
WARNINGS). 


CONTRAINDICATIONS 
Lotensin is contraindicated in patients who are 
hypersensitive to this product or to any other ACE inhibitor. 


WARNINGS 

Angioedema 

Angioedema of the face, extremities, lips, tongue, glottis, and 
larynx has been reported in patients treated with angiotensin- 
converting enzyme: inhibitors. In U.S. clinical trials, symptoms 


Consistent with angioedema were seen in none of the subjects who 


received placebo and in about 0.5% of the subjects who received 
Lotensin. Angioedema associated with ayoga edema can be 
fatal. If laryngeal stridor or angioedema of the face, tongue, or 
glottis occurs, treatment with Lotensin should be discontinued and 


jb: appropriate therapy instituted immediately. Where there is 


-airway obstruction, appro 


involvement of the tongue, glottis, or larynx, likely to cause 
ate therapy, e.g., subcutaneous 
0.3 mL to 0.5 mL) should be 


inephrine injection 1:1 
s saer rarena VERSE REACTIONS). 


promptly administered (see 


Hypotension 

Lotensin can cause symptomatic hypotension. Like other ACE 
inhibitors, benazepril has been only rarely associated with 
hypotension in uncomplicated hypertensive patients. Symptomatic 
À primenant is most likely to occur in patients who have been 
volume- and/or salt-depleted as a result of prolonged diuretic 
therapy, dietary salt restriction, dialysis, diarrhea, or vomiting. 
Volume- and/or salt-depletion should be corrected before initiating 
therapy with Lotensin. 

In patients with congestive heart failure, with or without 
associated renal insufficiency, ACE inhibitor therapy may cause 
excessive hypotension, which may be associated with oliguria or 
azotemia and, rarely, with acute renal failure and death. In such 
patients, Lotensin therapy should be started under close medical 
Supervision; they should be followed closely for the first 2 weeks of 
treatment and whenever the dose of benazepril or diuretic is 
increased. 

If hypotension occurs, the patient should be placed in a supine 
position, and, if necessary, treated with intravenous infusion of 
physiological saline. Lotensin treatment usually can be continued 
following restoration of blood pressure and volume. 


Neutropenia/Agranulocytosis 


_ Another angiotensin-converting enzyme inhibitor, captopril, has 


been shown to cause agranulocytosis and bone marrow 
depression, rarely in uncomplicated patients, but more frequently in 
patients with renal impairment, especially if they also nave a 
collagen-vascular disease such as systemic lupus e matosus 
or scleroderma. Available data from clinical trials of benazepril are 
insufficient to show that benazepril does not cause agranulocytosis 
at similar rates. Monitoring of white blood cell counts should be 
considered in patients with collagen-vascular disease, especially if 
the disease is associated with impaired renal function. 


Fetal/Neonatal Morbidity and Mortality 

ACE inhibitors can cause fetal and neonatal morbidity and death 
when administered to pregnant women. Several dozen cases have 
been reported in the world literature. When pregnancy is detected, 
ACE inhibitors should be discontinued as soon as possible. 

The use of ACE inhibitors during the second and third 
trimesters of pregnancy has been associated with fetal and 
neonatal injury, including hypotension, neonatal skull hypoplasia, 
anuria, reversible or irreversible renal failure, and death. 
Oligohydramnios has also been reported, presumably resulting 
from decreased fetal renal function; oligohydramnios in this setting 
has been associated with fetal limb contractures, craniofacial 
deformation, and hypoplastic lung development. Prematurity, 
intrauterine growth retardation, and patent ductus arteriosus have 
also been reported, although it is not clear whether these 
occurrences were due to the ACE inhibitor exposure. 

These adverse effects do not appear to have resulted from 
intrauterine ACE inhibitor exposure that has been limited to the first 
trimester. Mothers whose embryos and fetuses are exposed to ACE 
inhibitors only during the first trimester should be so informed. 
Nonetheless, when patients become pregnant, physicians should 
make gs effort to discontinue the use of benazepril as soon as 
possible. 

Rarely (probably less often than once in every thousand 
pregnancies), no alternative to ACE inhibitors will be found. In 
these rare cases, the mothers should be apprised of the potential 
hazards to their fetuses, and serial ultrasound examinations should 
be performed to assess the intraamniotic environment. 

If oligohydramnios is observed, benazepril should be 
discontinued unless it is considered life-saving for the mother. 
Contraction stress testing (CST), a nonstress test (NST), or 
biophysical profiling (BPP) may be appropriate, depending upon 
the week of pr cy. Patients and physicians should be aware, 
however, that oligohydramnios may not appear until after the fetus 
has sustained irreversible injury. 

Infants with histories of in utero exposure to ACE inhibitors 





should be closely observed for hypotension, oliguria, and 
hyperkalemia. If oliguria occurs, attention should be directed 
toward support of blood pressure and renal perfusion. Exchange 
transfusion or dialysis may be required as means of reversing 
hypotension and/or substituting for disordered renal function. 
Benazepril, which crosses the placenta, can theoretically be 
removed from the neonatal circulation by these means; there are 
occasional reports of benefit from these maneuvers with another 
ACE inhibitor, but experience is limited. 

No teratogenic effects of Lotensin were seen in studies of 
pregnant rats, mice, and rabbits. On a mg/m? basis, the doses used 
in these studies were 60 times (in rats), 9 times (in mice), and 
more than 0.8 times (in rabbits) the maximum recommended 
human dose (assuming a 50 kg woman). On a mg/kg basis these 
multiples are 300 times (in rats), 90 times (in mice) and more than 
3 times (in rabbits) the maximum recommended human dose. 


PRECAUTIONS 

General 

Impaired Renal Function: As a consequence of eae the 
renin-angiotensin-aldosterone system, changes in renal function 
may be anticipated in susceptible individuals. In patients with 
severe congestive heart failure whose renal function may depend 
on the activity of the renin-angiotensin-aldosterone system, 
treatment with angiotensin-converting enzyme inhibitors, including 
Lotensin, may be associated with oliguria and/or Darema 
azotemia and (rarely) with acute renal failure and/or death. In a 
small study of hypertensive patients with renal artery stenosis in a 
solitary kidney or bilateral renal artery stenosis, treatment with 
Lotensin was associated with increases in blood urea nitrogen and 
serum Creatinine, these increases were reversible upon 
discontinuation of Lotensin or diuretic therapy, or both. When such 
patients are treated with ACE inhibitors, renal function should be 
monitored during the first few weeks of therapy. Some 
hypertensive patients with no apparent preexisting renal vascular 
disease have developed increases in blood urea nitrogen and 
serum Creatinine, usually minor and transient, especially when 
Lotensin has been given concomitantly with a diuretic. This is more 
likely to occur in patients with preexisting renal impairment. 
Dosage reduction of Lotensin and/or discontinuation of the diuretic 
may be required. Evaluation of the hypertensive patient should 
always include assessment of renal function (see DOSAGE AND 
ADMINISTRATION). 

Hyperkalemia: \n clinical trials, hyperkalemia (serum 
potassium at least 0.5 mEq/L greater than the upper limit of 
normal) occurred in approximately 1% of hypertensive patients 
receiving Lotensin. In most cases, these were isolated values which 
resolved despite continued therapy. Risk factors for the 
development of hyperkalemia include renal insufficiency, diabetes 
mellitus, and the concomitant use of potassium-sparing diuretics, 
potassium supplements, and/or potassium-containing salt 
Substitutes, which should be used cautiously, if at all, with Lotensin 
(see Drug Interactions). 

Cough: Cough has been reported with the use of ACE inhibitors. 
Characteristically, the cough is nonproductive, persistent, and 
resolves after discontinuation of egg ACE inhibitor-induced 
we should be considered as part of the differential diagnosis of 
cough. 

Impaired Liver Function: \n patients with hepatic dysfunction 
due to cirrhosis, levels of benazeprilat are essentially unaltered. 

Surgery/Anesthesia: \n patients undergoing surgery or during 
anesthesia with agents that produce hypotension, benazepril will 
block the angiotensin || formation that could otherwise occur 
secondary to compensatory renin release. Hypotension that occurs 
as a result of this mechanism can be corrected by volume 
expansion. 


Information for Patients 

Pregnancy: Female patients of childbearing age should be told 
about the consequences of second- and third-trimester exposure to 
ACE inhibitors, and they should also be told that these 
consequences do not appear to have resulted from intrauterine ACE 
inhibitor exposure that has been limited to the first trimester. These 
patients should be asked to report pregnancies to their physicians 
as soon as possible. 

Angioedema: Angioedema, including laryngeal edema, can 
occur with treatment with ACE inhibitors, especially following the 
first dose. Patients should be so advised and told to report 
rbd naa any signs or symptoms suggesting angioedema 
(swelling of face, eyes, lips, or tongue, or difficulty in breathing) 
and to take no more drug until they have consulted with the 
prescribing physician. 

Symptomatic Hypotension: Patients should be cautioned that 
lightheadedness can occur, especially during the first days of 
therapy, and it should be reported to the prescribing physician. 
Patients should be told that if syncope occurs, Lotensin should be 
discontinued until the prescribing physician has been consulted. 

All patients should be cautioned that inadequate fluid intake or 
excessive perspiration, diarrhea, or vomiting can lead to an 
excessive fall in blood pressure, with the same consequences of 
lightheadedness and possible syncope. 

Hyperkalemia: Patients should be told not to use potassium 
supplements or salt substitutes containing potassium without 
consulting the prescribing physician. 

Neutropenia: Patients should be told to promptly report any 
indication of infection (e.g., sore throat, fever), which could be a 
sign of neutropenia. 


Drug Interactions 

Diuretics: Patients on diuretics, especially those in whom diuretic 
therapy was recently instituted, may occasionally experience an 
excessive reduction of blood pressure after initiation of therapy 
with Lotensin. The possibility of hypotensive effects with Lotensin 
can be minimized by either discontinuing the diuretic or increasing 
the salt intake prior to initiation of treatment with Lotensin. If this is 
not possible, the starting dose should be reduced (see DOSAGE 
AND ADMINISTRATION). 

Potassium Supplements and Potassium-Sparing Diuretics: 
Lotensin can attenuate potassium loss caused by thiazide diuretics. 
Potassium-sparing diuretics (spironolactone, amiloride, 
triamterene, and others) or potassium supplements can increase 
the risk of hyperkalemia. Therefore, if concomitant use of such 
agents is indicated, they should be given with caution, and the 
patient's serum potassium should be monitored frequently. 

‘Oral Anticoagulants: Interaction studies with warfarin and 
acenocoumarol failed to identify any clinically important effects on 
the serum concentrations or clinical effects of these anticoagulants. 

Lithium: \ncreased serum lithium levels and symptoms of 


lithium toxicity have been gett in patients receiving ACE 
inhibitors during therapy with lithium. These drugs should be 
coadministered with caution, and frequent monitoring of serum 
lithium levels is recommended. If a diuretic is also used, the risk of 
lithium toxicity may be increased. 

Other: No clinically important pharmacokinetic interactions 
occurred when Lotensin was administered concomitantly with 
hydrochlorothiazide, chlorthalidone, furosemide, digoxin, 
propranolol, atenolol, naproxen, or cimetidine. 

Lotensin has been used concomitantly with beta-adrenergic- 
blocking agents, calcium-channel-blocking agents, diuretics, 
digoxin, and hydralazine, without evidence of clinically important 
adverse interactions. Benazepril, like other ACE inhibitors, has had 
less than additive effects with beta-adrenergic blockers, 
presumably because both drugs lower blood pressure by inhibiting 
parts of the renin-angiotensin system. 


Carcinogenesis, Mutagenesis, Impairment of Fertility 

No evidence of carcinogenicity was found when benazepril was 
administered to rats and mice for up to two years at doses of up to 
150 mg/kg/day. When compared on the basis of body weights, this 
dose is 110 times the maximum recommended human dose. When 
compared on the basis of body surface areas, this dose is 18 and 9 
times (rats and mice, respectively) the maximum recommended 
human dose (calculations assume a patient weight of 60 kg). No 
mutagenic activity was detected in the Ames test in bacteria (with 
or without metabolic activation), in an in vitro test for forward 
mutations in cultured mammalian cells, or in a nucleus anomaly 
test. In doses of 50-500 mg/kg/day (6-60 times the maximum 
recommended human dose based on mg/m? comparison and 37- 
375 times the maximum recommended human dose based on a 
mg/kg comparison), Lotensin had no adverse effect on the 
reproductive performance of male and female rats. 


Pregnancy Categories C (first trimester) and D 
second and third trimesters) 
ee WARNINGS, Fetal/Neonatal Morbidity and Mortality. 


Nursing Mothers 

Minimal amounts of unchanged benazepril and of benazeprilat are 
excreted into the breast milk of lactating women treated with 
benazepril. A newborn child ingesting entirely breast milk would 
receive less than 0.1% of the mg/kg maternal dose of benazepril 
and benazeprilat. 


Geriatric Use 

Of the total number of patients who received benazepril in U.S. 
Clinical studies of Lotensin, 18% were 65 or older while 2% were 
75 or older. No overall differences in effectiveness or safety were 
observed between these patients and younger patients, and other 
reported clinical experience has not identified differences in 
responses between the elderly and younger patients, but greater 
sensitivity of some older individuals cannot be ruled out. 


Pediatric Use 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
Lotensin has been evaluated for safety in over 6000 patients with 
hypertension; over 700 of these patients were treated for at least 
one year. The overall incidence of reported adverse events was 
comparable in Lotensin and placebo patients. 

he reported side effects were generally mild and transient, and 
there was no relation between side effects and age, duration of 
therapy, or total dosage within the range of 2 to 80 mg. 
Discontinuation of therapy because of a side effect was required in 
approximately 5% of U.S. patients treated with Lotensin and in 3% 
of patients treated with placebo. 

The most common reasons for discontinuation were headache 
(0.6%) and cough (0.5%). (See PRECAUTIONS, Cough). 

The side effects considered possibly or probably related to 
study drug that occurred in U.S. placebo-controlled trials in more 
than 1% of patients treated with Lotensin are shown below. 

PATIENTS IN U.S. PLACEBO-CONTROLLED STUDIES 


LOTENSIN PLACEBO 

(N = 964) i" = 496) 
% % 
Headache 60 6.2 21 4.2 
Dizziness 35 3.6 12 2.4 
Fatigue 23 2.4 11 2.2 
Somnolence 15 1.6 2 0.4 
Postural Dizziness 14 1.5 1 0.2 
Nausea 13 1.3 5 1.0 
Cough 12 1.2 5 1.0 


ther adverse experiences reported in controlled clinical trials 
(in less than 1% of benazepril patients), and rarer events seen in 
postmarketing experience, include the following (in some, a.causal 
relationship to drug use is uncertain): 

Cardiovascular: Symptomatic hypotension was seen in 0.3% of 
patients, postural hypotension in 0.4%, and syncope in 0.1%; these 
reactions led to discontinuation of abaya in 4 patients who had 
received benazepril monotherapy and in 9 patients who had 
received benazepril with hydrochlorothiazide (see PRECAUTIONS 
and WARNINGS). Other reports included angina pectoris, 
palpitations, and peripheral edema. 

Renal: Of hypertensive patients with no apparent preexisting 
renal disease, about 2% have sustained increases in serum 
creatinine to at least 150% of their baseline values while receiving 
Lotensin, but most of these increases have disappeared despite 
continuing treatment. A much smaller fraction of these patients 
(less than 0.1%) developed simultaneous (usually transient) 
increases in blood urea nitrogen and serum creatinine. 

Fetal/Neonatal Morbidity and Mortality: See WARNINGS, 
Fetal/Neonatal Morbidity and Mortality. 

Angioedema: Angioedema has been reported in patients 
receiving ACE inhibitors. During clinical trials in hypertensive 
patients with benazepril, 0.5% of patients experienced edema of the 
lips or face without other manifestations of angioedema. 
Angioedema associated with laryngeal edema and/or shock may be 
fatal. If angioedema of the face, extremities, lips, tongue, or glottis 
and/or larynx occurs, treatment with Lotensin should be 
discontinued and appropriate therapy instituted immediately (see 
WARNINGS). 

Gastrointestinal: Constipation, gastritis, vomiting, and melena. 

Dermatologic: Apparent hypersensitivity reactions (manifested 
by dermatitis, pruritus, or rash) and flushing. 

ern yoy and Psychiatric: Anxiety, decreased libido, 
hypertonia, insomnia, nervousness, and paresthesia. 


Lotensin® benazepril hydrochloride 


Other: Arthralgia, arthritis, asthenia, asthma, bronchitis, dyspnea, 
eee infection, myalgia, sinusitis, sweating, and urinary tract 
infection. 


Clinical Laboratory Test Findings 

Creatinine and Blood Urea Nitrogen: Of hypertensive patients with 
no apparent preexisting renal disease, about 2% have sustained 
increases in serum creatinine to at least 150% of their baseline 
values while receiving Lotensin, but most of these increases have 
disappeared despite continuing treatment. A much smaller fraction 
of these patients (less than 0.1%) developed simultaneous (usually 
transient) increases in blood urea nitrogen and serum creatinine. 
None of these increases required discontinuation of treatment. 
Increases in these laboratory values are more likely to occur in 
patients with renal insufficiency or those pretreated with a diuretic 
and, based on experience with other ACE inhibitors, would be 
expected to be especially likely in patients with renal artery stenosis 
(see PRECAUTIONS, General). 

Potassium: Since benazepril decreases aldosterone secretion, 
elevation of serum potassium can occur. Potassium supplements 
and potassium-sparing diuretics should be given with caution, and 
the patient's serum potassium should be monitored frequently (see 
PRECAUTIONS). 

Hemoglobin: Decreases in hemoglobin (a low value and a 
decrease of 5 g/dL) were rare, occurring in only 1 of 2014 patients 
receiving Lotensin alone and in 1 of 1357 patients receiving 
Lotensin plus a diuretic. No U.S. patients discontinued treatment 
because of decreases in hemoglobin. 

Other (causal relationships unknown): Clinically important 
changes in standard laboratory tests were rarely associated with 
Lotensin administration. Elevations of liver enzymes, serum 
bilirubin, uric acid, and blood glucose have been reported, as have 
scattered incidents of hyponatremia, electrocardiographic changes, 
leukopenia, eosinophilia, and proteinuria. In U.S. trials, less than 
0.5% of patients discontinued treatment because of laboratory 
abnormalities. 


OVERDOSAGE 

Single oral doses of 3 g/kg benazepril were associated with 
significant lethality in mice. Rats however, tolerated single oral 
doses of up to 6 g/kg. Reduced activity was seen at 1 g/kg in mice 
and at 5 g/kg in rats. Human overdoses of benazepril have not been 
reported, but the most common manifestation of human benazepril 
overdosage is likely to be hypotension. 

Laboratory determinations of serum levels of benazepril and its 
metabolites are not widely available, and such determinations have, 
in any event, no established role in the management of benazepril 
overdose. 

No data are available to suggest physiological maneuvers (e.g., 
maneuvers to change the pH of the urine) that might accelerate 
elimination of benazepril and its metabolites. Benazeprilat can be 
removed from the body by dialysis, but this intervention should 
rarely, if ever, be required. 

Angiotensin I| could presumably serve as a specific antagonist- 
antidote in the setting of benazepril overdose, but angiotensin II is 
essentially unavailable outside of scattered research facilities. 
Because the hypotensive effect of benazepril is achieved through 
vasodilation and effective hypovolemia, it is reasonable to treat 
benazepril overdose by infusion of normal saline solution. 


Storage: Do not store above 86° F (30° C). Protect from moisture. 
Dispense in tight container (USP). 
Printed in U.S.A. C92-18 (Rev.3/92) 


CIBA 


Dist. i 
CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


*CIBA Pharmaceutical Company has established the Lotensin 
Lifetime Guarantee for patients who are started on Lotensin and 
enrolled in the program on or betore 12/31/97. As part of the 
Lotensin Lifetime Guarantee, the Lotensin Lifetime Guarantee Price 
(based on Average Wholesale Price) has been established. This price 
is guaranteed for as long as the patient is on Lotensin therapy. 
Patients who enroll will be rebated the difference between the 
Lifetime Guarantee Price and any higher price that can be 
documented as paid with an original receipt. Because retail prices 
may vary, a maximum rebate has been established. This rebate will 
be increased, as needed, to account for any price increases. 


© 1992, CIBA-GEIGY Corporation. 144-22690-A 
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Comparison Between New York Heart 
Association Classification and Peak Oxygen 
Consumption in the Assessment of Functional 
Status and Prognosis in Patients with Mild to 
Moderate Chronic Congestive Heart Failure 
Secondary to Either Ischemic or Idiopathic 
Dilated Cardiomyopathy 


Stan A. J. van den Broek, MD, Dirk J. van Veldhuisen, MD, Pieter A. de Graeff, MD, 
Martin L. J. Landsman, MD, Hans Hillege, MD, and Kong I. Lie, MD 





To compare the value of the New York Heart As- 
sociation (NYHA) classification and measurement 
of peak oxygen consumption (VO2) in the assess- 
of functional status and prognosis in patients 
with mild to moderate chronic congestive heart 
failure (CHF), 94 patients with clinically stable 
HA class II and lll CHF were prospectively 
studied. In all patients, left ventricular ejection 
fraction was <40% (mean 22 + 9); 49 patients 
were in NYHA class Il, and 45 were in NYHA 
class Ill. Mean peak VO2 was 17 + 5 mi/min/kg. 
During a follow-up period of 23 + 11 months, 21 
patients died. The 1-, 2- and 3-year cumulative 
survival rates for the 94 patients were 88, 79 and 
%, respectively. Functional status, as assessed 
th by peak VO2 and NYHA classification, and 
left ventricular ejection fraction were significantly 
worse in the group of nonsurvivors. The most 
powerful independent predictor of mortality was 
peak VO2. Although mean peak VO2 was signifi- 
cantly higher in NYHA class Il than in NYHA class 
ill (20 + 4 vs 13 + 3 mi/min/kg, p <0.0001), cate- 
gorization into subgroups on the basis of the at- 
tained peak VO2 revealed a marked discrepancy 
with the NYHA classification. Nevertheless, the 
survival curves of patients subdivided at a peak 
VO2 of 16 mi/min/kg showed a strong resem- 
blance with survival curves of both NYHA classes. 
In conclusion, both NYHA classification and peak 
voz are significantly associated with survival time 
in patients with mild to moderate CHF, but peak 
O- subdivides patients more clearly into sub- 
groups according to the severity of functional im- 
panaan and lifetime prognosis. 
(Am J Cardiol 1992;70:359-363) 
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eduction of exercise tolerance is one of the most 
important features of chronic congestive heart 
ailure (CHF) and thus, a proper assessment of 
the severity of symptoms in patients with CHF is need- 
ed. Traditionally, the classification of the New York 
Heart Association (NYHA)! has been used in this as- 
sessment, although its value, especially in patients with 
mild CHF, may be limited due to the subjectivity and 
rather poor reproducibility of the criteria.” With the 
introduction of measurement of peak oxygen consump- 
tion (VO), a more objective and reproducible tool to 
assess functional status in patients with CHF has be- 
come available.*® Despite the obvious advantages, mea- 
surement of peak VO, has not become a routine exami- 
nation in most patients with CHF. It is usually only 
available in larger centers because it is an expensive and 
time-consuming method, requiring experienced person- 
nel. Although several studies have compared NYHA 
classification and peak VO) in assessing functional sta- 
tus, and both methods have separately been studied in 
relation to prognosis,’-!° no studies are available that 
have investigated both aspects simultaneously. Accord- 
ingly, we prospectively studied a large cohort of patients 
with mild to moderate CHF to compare NYHA classi- 
fication and peak VO) in relation to functional status 
and prognosis. 






METHODS 

Patients: The study population consisted of patients 
with signs and symptoms of CHF who were referred to 
our hospital between January 1987 and January 1990. 
Patients were eligible for the study if they met the fol- 
lowing criteria: (1) symptoms of dyspnea or fatigue 
NYHA class II or III with a duration of 23 months, 
(2) left ventricular ejection fraction <40%, (3) CHF 
caused by coronary artery disease or idiopathic dilated 
cardiomyopathy. The presence of coronary artery dis- 
ease was shown by coronary angiography or a previous 
history of documented myocardial infarction. Idiopathic 
dilated cardiomyopathy had to be confirmed by endo- 
myocardial biopsy or laboratory tests, or both, to evalu- 
ate underlying illnesses. Patients with primary pulmo- 
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TABLE I Characteristics of Survivors and Nonsurvivors in the 
Study Population 


Nonsurvivors 
(n= 21) 


Survivors 


(n = 73) p Value 


Sex 63M, 10F 15M, 6F NS 
Age (yr) 56+ 13 60 +9 NS 
Etiology 58CAD,15IDC 18CAD,3 IDC NS 
Weight (kg) 78 +12 77 +11 NS 
NYHA class 2.4+0.5 2.8 + 0.4 <0.01 
LVEF (%) 24+9 16+ 6 <0.001 
Peak VO2 (mi/min/kg) 18+5 iss <0.0001 
CAD = coronary artery disease; IDC = idiopathic dilated cardiomyopathy; LVEF = 


left ventricular ejection fraction; NS = not significant; NYHA = New York Heart 
Association; Peak VO2 = peak oxygen consumption. 


nary disease, and myocardial infarction or coronary by- 
pass surgery <3 months before were excluded. 

Study design: On the initial visit, a careful patient 
history and physical examination were performed. The 
attending physician who had no information about pre- 
vious assessments of functional class, left ventricular 
ejection fraction or peak VO, then assessed functional 
status according to the criteria of the NYHA classifica- 
tion.! Within 2 weeks after the initial visit, radionuclide 
ventriculography at rest to determine left ventricular 
ejection fraction and a cardiopulmonary exercise test to 
determine peak VO, were performed. Patients whose 
exercise test was limited by angina pectoris, calf claudi- 
cation or serious exercise-induced arrhythmias were ex- 
cluded from the study. Further diagnostic or therapeu- 
tic management of the patients who fulfilled the entry 
criteria was individualized. Patients were studied for at 
least 1 year or until death occurred. The end-date for 
analysis for all patients was January 31, 1991. 

Cardiopulmonary exercise testing: Exercise testing 
with respiratory gas exchange measurements was per- 
formed while patients exercised on a treadmill accord- 
ing to a modified Naughton protocol.'!! Oxygen 
consumption, carbon dioxide production and respiratory 
exchange ratios were measured continuously during ex- 
ercise using an automated gas exchange measuring sys- 
tem (Sensormedics system 2900, SensorMedics Corpo- 
ration, Anaheim, California). Values were recorded at 
20-second intervals through an on-line computer as- 
sembly (IBM computer systems, IBM Corporation, 
Austin, Texas). Blood pressure was measured with a 
mercury sphygmomanometer, and the electrocardio- 
gram was monitored continuously with a computer-as- 
sisted system (Marquette Electronics Inc., Milwaukee, 
Wisconsin). Patients were familiar with exercise testing 
and they were encouraged to exercise until symptoms 
forced them to stop. All patients terminated the test be- 
cause of dyspnea or fatigue, and in all patients the gas 
exchange anaerobic threshold (the point at which car- 
bon dioxide production increased disproportionately in 
relation to oxygen consumption) and a respiratory ex- 
change ratio >1.0 were reached. Peak VO) was defined 
as oxygen consumption (ml/min/kg) at peak exercise 
calculated as the mean of values during the last minute 
of exercise. 

Patients were categorized into 4 groups based on 
their attained peak VO, according to the classification 





of Weber et al* to compare NYHA classification with 
peak VO): group A, peak VO, >20 ml/min/kg; group 
B, peak VO, between 16 and 20 ml/min/kg; group C, 
peak VO, between 10 and 16 ml/min/kg; and group D, 
peak VO, <10 ml/min/kg. To compare the NYHA 
classification with the classification of Weber, we de- 
fined group A to be in accordance with NYHA class I, 
group B with NYHA class II, group C. with NYHA 
class III, and group D with NYHA class IV.’ 

Statistical analysis: Differences in characteristics 
between patient groups were compared by unpaired t 
tests or chi-square analysis. Relations between patient 
characteristics were examined by Pearson’s coefficient 
of correlation. Survival from the time of initial evalua- 
tion was analyzed by the life-table method. Survival 
curves were compared using the log-rank test. Stepwise 
logistic regression analysis was used to determine inde- 
pendent predictors of mortality. Values are expressed as 
mean + standard deviation. A p value <0.05 was con- 
sidered significant. 


RESULTS 

Patients: Ninety-four patients were included in this 
study (78 men and 16 women, mean age 57 + 11 
years). The cause of CHF was coronary artery disease 
in 76 patients and idiopathic dilated cardiomyopathy in 
18. Eighty-two patients (87%) were in sinus rhythm, 8 
(9%) had atrial fibrillation, and 4 patients (4%) had a 
ventricular demand pacemaker. Mean left ventricular 
ejection fraction was 22 + 9% (median 21); mean peak 
VO, was 17 + 5 ml/min/kg (median 17). The mean 
follow-up period was 23 + 11 months (median 21). At 
entry to the study, patients were treated with diuretics 
(94%), digitalis (52%), angiotensin-converting enzyme 
inhibitors (35%), vasodilators (30%), and antiarrhyth- 
mic drugs (16%). At the end of the follow-up 79% of 
the patients were treated with an angiotensin-converting 
enzyme inhibitor; there were no major changes in the 
other classes of drugs during the study. 

Predictors of mortality: During the study 21 pa- 
tients died. In 11 patients (52%) the cause of death was 
progressive CHF, and there were 10 (48%) sudden car- 
diac deaths. Two patients who died of progressive CHF 
also had metastatic carcinoma at the time of death 
(lung and prostate). The 1-, 2- and 3-year cumulative 
survival rates for the 94 patients were 88, 79 and 69%, 
respectively. Differences between survivors and nonsur- 
vivors are presented in Table I. Functional status, as 
assessed both by peak VO, and NYHA classification, 
but also left ventricular ejection fraction, were signifi- 
cantly worse in the group of nonsurvivors. Stepwise lo- 
gistic regression analysis revealed that peak VO, was 
the most powerful independent predictor of mortality (p 
<0.001). 

New York Heart Association classification: Only 
patients in NYHA class II and III were included in this 
study, 49 were in class II and 45 were in class III. The 
characteristics of the 2 groups are summarized in Table 
II. Mean left ventricular ejection fraction was equal in 
patients with NYHA class II and III CHF. In contrast, 
peak VO, was significantly higher in NYHA class II 
than in NYHA class III (20 + 4 vs 13 + 3 ml/min/kg, 
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p <0.0001) (Figure 1). The 1-, 2- and 3-year cumula- 
tive survival rates for patients in NYHA class II were 
96, 85 and 85%, respectively. Survival for patients in 
NYHA class III was significantly worse (p <0.01): 80% 
at 1 year, 71% at 2 years, and 53% at 3 years. 

Peak oxygen consumption: There was no correla- 
tion between peak VO) and left ventricular ejection 
fraction (r = 0.16, p = 0.07). When patients were cate- 
gorized on the basis of the attained peak VO, they fell 
into all 4 groups as defined by Weber (Figure 2). As- 
sessment of functional status by peak VO, revealed that 
26 of the 45 patients (58%) assessed as NYHA class III 
were correctly classified according to our definitions, 
i.e., compatible with Weber class C. However, 11 pa- 
tients (24%) had a better exercise tolerance than expect- 
ed from their NYHA rating, and 8 patients (18%) were 
actually in a worse condition. Of the 49 patients who 
were judged to be in NYHA class II, 25 (51%) were 
classified in Weber class B, but 19 patients (39%) had a 
normal to near-normal exercise capacity, and 5 patients 
(10%) were in a worse condition than expected from 







TABLE Il Comparison of Clinical Characteristics Between New 
York Heart Association Class II and III 


NYHA II 
(n = 49) 









NYHA III 


(n = 45) p Value 














Sex 42M, 7F 36M, 9F NS 


Etiology 37CAD,121IDC 39CAD, 6 IDC NS 
Age (yr) 56+ 11 58 + 11 NS 
Weight (kg) 78+ 13 77+ 11 NS 
LVEF (%) 24+4 20+8 NS 
Peak VO2 (ml/min/kg) 20+4 Ee <0.0001 





Abbreviations as in Table |. 


their subjective NYHA rating. When both NYHA 
class and peak VO, were considered, combination of the 
2 had additional prognostic value, because mortality 
within each NYHA class tended to increase with the 
severity of functional impairment, as assessed by the 
classification of Weber (Table II). 

By definition (see Methods section), a peak VO) of 
16 ml/min/kg was considered to be the cut-off value 


Peak VO2 (ml/min/kg) 


FIGURE 1. Relation between peak oxygen 
consumption (Peak VO2) and New York 
Heart Association (NYHA) class Il and Ill. 


p < 0.0001 


agimi ARAN 


NYHA Il NYHA Ill 


no. of patients 


FIGURE 2. Peak oxygen consumption cat- 
egorized to the classification of 
Weber in New York Heart Association 
(NYHA) class Il and Ill. 
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> 20 
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< 10 


Weber C 
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TABLE Il Cross Table of New York Heart Association and 
Weber Classifications 


NYHA Class II NYHA Class III 


a Cee 


Pts. Deaths Pts. Deaths 



















Weber A (> 20 mi/min/kg) 
Weber B (16—20 ml/min/kg) 25 4 
Weber C (10—16 ml/min/kg) 5 l 
Weber D (< 10 ml/min/kg) 0 0 
Total no. of pts. 5 


NYHA = New York Heart Association. 


TABLE IV Comparison of Clinical Characteristics Between 
Patients with a Peak VO2 > and < 16 mi/min/kg 


Peak VO2 > 16 Peak VO2 <16 
(n = 55) (n = 39) p Value 


Sex 49M, 6F 29M, 10F p <0.05 
Etiology 44 CAD, 11 IDC 32 CAD, 7 IDC NS 
Age (yr) 56 + 11 58 + 11 NS 
Weight (kg) 78+ 13 te ke NS 
NYHA class 2.2+0.4 2.9+0.3 p <0.001 
LVEF (%) 23 t9 21<9 NS 


Abbreviations as in Table |. 


between NYHA class II and III. Despite the previously 
shown discrepancy, most patients (90%) with a peak 
VO, 216 ml/min/kg were indeed in NYHA class II, 
and most patients (76%) with a peak VO, <16 ml/ 
min/kg were in NYHA class III. The characteristics of 
the 2 groups are summarized in Table IV. The 1, 2- and 
3-year cumulative survival rates for patients with a peak 
VO, 216 ml/min/kg were 96, 86 and 86%, respective- 
ly. For patients with a peak VO, <16 ml/ 
min/kg, survival was significantly worse (p <0.01); the 
l-, 2- and 3-year survival rates were 76, 68 and 46%, 
respectively. Figure 3 shows the survival curves both for 
patients subdivided at a peak VO. of 16 ml/min/kg and 
for patients in NYHA class II and III. 


survival (%) 


peak VO2 < 16 mi/min/kg 


peak VO2 
NYHA 


12 18 24 
time (months) 








DISCUSSION 

The results of this study indicate that both NYHA 
classification and peak VO) are significantly associated 
with survival time in patients with mild to moderate 
CHF. However, there is a discrepancy in the assessment 
of the severity of CHF between both determinants of 
functional status. Left ventricular ejection fraction 
was neither related to NYHA class nor to peak VO)», 
but had significant prognostic value. Indeed, functional 
class should not be assessed by left ventricular ejection 
fraction because it is only an index of left ventricular 
systolic function, and bears no relation to exercise toler- 
ance.! 

Although the NYHA classification is widely used by 
clinicians to determine the severity of symptoms in pa- 
tients with CHF, the criteria are subjective and poorly 
reproducible. Because the NYHA classification lacks 
the sensitivity to reflect small but clinically important 
changes, it has therefore been suggested that its prog- 
nostic value is limited to the identification of patients 
exhibiting the greatest degree of functional impairment, 
and that it is not useful in patients with milder forms of 
CHF.'? However, the results of the captopril-digoxin 
study have indicated that the functional status, as mea- 
sured by the NYHA classification, is a significant pre- 
dictor of mortality in patients with less severe symptoms 
of CHF.’ Our study confirms this finding, since patients 
with NYHA class II CHF have a significantly better 
prognosis than patients with NYHA class II CHF. 

In contrast to the NYHA classification, measure- 
ment of oxygen uptake during cardiopulmonary exer- 
cise testing is a continuous variable that can be quanti- 
tated more precisely. However, the plateau in oxygen 
uptake, which has long been considered the individual's 
cardiopulmonary limit, is rarely achieved in patients 
with CHF.!*-!6 Although measurement of oxygen con- 
sumption at peak exercise, peak VO», is symptom-limit- 
ed, it is nevertheless reproducible and a more objective 
method to assess the severity of symptoms in patients 
with CHF.'’ Furthermore, peak VO, has become an 


FIGURE 3. Survival curves of both New 
York Heart Association (NYHA) class Il 


and lll and peak oxygen consumption 
(peak VO2) subdivided at a value of 16 
mi/min/kg. 
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important parameter in the risk evaluation of patients 
with CHF. Szlachcic et al!* were the first who associ- 
ated peak VO) with survival in patients with CHF,'® 
which was subsequently confirmed in several other stud- 
ies.'9-2! Data from the present study show that peak 
VO; is the strongest independent predictor of mortality 
compared with NYHA classification and left ventricu- 
lar ejection fraction. 

Earlier studies in patients with CHF have addressed 
the discrepancy between NYHA classification and peak 
VO, in the assessment of functional status.”*:22 Our 
findings correspond with these previous results, because 
there was a discrepancy in 43 of 94 of the patients 
(46%) between subjective and objective assessment of 
the severity of CHF. However, with regard to prognos- 
tic value, both determinants of functional status were 
significantly associated with mortality, and their surviv- 
al curves showed a remarkable resemblance (Figure 3), 
when patients were subdivided at a peak VO) of 16 
ml/min/kg, according to the definitions used. Further- 
more, combination of these 2 parameters provided addi- 
tional information for patients at risk, since mortality 
within each NYHA class tended to correlate negatively 
with the attained peak VO). 

The Studies of Left Ventricular Dysfunction? and 
the Veterans Administration Cooperative Vasodilator 
Heart Failure Trial-II?* have indicated that treatment 
with an angiotensin-converting enzyme inhibitor causes 
a moderate but significant reduction in mortality in pa- 
tients with mild to moderate CHF. In our study, a sub- 
stantial number of patients were not treated with an 
angiotensin-converting enzyme inhibitor at entry to the 
study. However, in almost all of these patients, angio- 
tensin-converting enzyme inhibitors were initiated dur- 
ing follow-up. Despite the possible influence of this het- 
erogeneity of therapy, we believe that it does not signifi- 
cantly alter our findings. Another possible limitation of 
this study may be that patients with NYHA class I and 
IV CHF were not analyzed. These patients were exclud- 
ed because NYHA class I patients are, by definition, 
without clinical symptoms of CHF, and NYHA class 
IV patients are usually not able to perform a conclusive 
cardiopulmonary exercise test due to their disabling 
symptomatology. 
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CONGENITAL HEART DISEASE 


Ventricular Septal Defect in the 
First Year of Life 


Ashok V. Mehta, MD, and Balasubrahmanyam Chidambaram, MBBS 


Of approximately 22,000 live births in the region 
under study during the last 4 years, ventricular 
septal defect (VSD) was identified as the primary 
or isolated congenital heart lesion in 124 infants 
who were followed up from birth for a minimum of 
1 year (incidence, 5.7 per 1,000 live births). 
Doppler color flow mapping was performed in 93 
of 124 patients; 47 had a muscular VSD and 46 
had a perimembranous VSD. Only 1 patient had 2 
muscular VSDs. None had a subpulmonic type of 
defect. Of 124 patients, 14 were lost to follow-up. 
Spontaneous closure was seen in 18 patients 
(42%) in the muscular group, in 9 (23%) in the 
perimembranous group and in 10 patients (37%) 
in the unclassified group by the end of the first 
year. The overall rate of spontaneous closure was 
34% by the end of the first year. Congestive heart 
failure developed in 2 of 46 patients with muscu- 
lar VSD and in 12 of 47 patients with perimem- 
branous VSD. In the first year, 2 patients with 
muscular VSD as opposed to 5 with perimembran- 
ous VSD required surgery. Doppler color flow 
mapping is a valuable aid in the diagnosis of VSD 
and may be one reason for the observed increase 
in the incidence of VSD. The overall prognosis ap- 
peared much better in the muscular than the peri- 
membranous type of VSD. 

(Am J Cardiol 1992;70:364-366) 
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tal defect (VSD) is 1.5 to 2.5 per 1,000 live 

births.!-4 Recently an increased incidence up to 
4.7 per 1,000 live births was reported.4° This consti- 
tutes >25% of all congenital heart diseases. Since the 
early reports by Hoffman et al! of spontaneous closure 
in a large proportion of infants, the natural outcome of 
VSD and the relative incidence of muscular, perimem- 
branous and other types of VSD, and their rates of 
spontaneous closure®!° has been the subject of consid- 
erable study. We report a prospective study of 124 con- 
secutive live births with a primary cardiac diagnosis of 
VSD in the first year. Of these, 93 patients had echo- 
cardiography with Doppler color flow mapping. The 
relative incidence of muscular versus perimembranous 
VSD, and their outcome in the first year of life have 
been evaluated. 

Patient population: Between December 1, 1986, and 
October 31, 1990, 121 infants born in the Northeast 
Tennessee and Southwest Virginia region were diag- 
nosed as having VSD as the primary cardiac lesion by 
clinical examination and were included in the study. In 
this region, almost all infants with a heart murmur were 
referred by their physician to the pediatric cardiologist 
(AVM) for further diagnosis and management. Three 
patients included in this study were diagnosed clinically 
as having other congenital heart lesions, and were found 
to have VSD by echocardiography. Patients with com- 
plex heart lesions, coarctation of aorta, atrioventricular 
canal type of VSD or a malalignment defect as a com- 
ponent of tetralogy of Fallot were excluded from the 
study because the outcome in these patients is largely 
influenced by several other factors. Patients with associ- 
ated patent ductus arteriosus, atrial septal defect, mild 
aortic or pulmonary stenosis or tricuspid insufficiency 
were not excluded. 

All patients had a complete history and physical ex- 
amination by the only pediatric cardiologist in the re- 
gion under study. Of these 124 patients, 93 had a 2- 
dimensional echocardiogram with Doppler color flow 
mapping in all standard views. The study was per- 
formed using a Hewlett-Packard 500 or 1,000 Cardiac 
Imager with 5 or 3.5 MHz phased-array transducer or 
a Ving-med CFM700 with 5 or 3.25 MHz phased-array 
transducer. The VSDs were classified as muscular, peri- 
membranous, malalignment or subpulmonic types.”!! 
Cardiac catheterization and angiocardiography was 
clinically indicated and performed in 14 patients. 

Follow-up: The children were followed up at this of- 
fice until October 31, 1991, so that all patients had a 
minimum of 1 year follow-up. After the initial evalua- 
tion at this center, a few patients were followed up by 
their pediatrician. The VSD was considered spontane- 


T» reported incidence of isolated ventricular sep- 
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TABLE | Distribution and Outcome of Patients with Ventricular Septal Defect 


Age at Diagnosis 


Minimum-Maximum 
(median) 


Type of VSD 
(no. of pts.) 


Muscular (47) 1 day—8 months 
(2 days) 

1 day—6 months 
(2 days) 

1 day—9 months 
(14 days) 

1 day—9 months 
(2 days) 


Perimembranous (46) 


Unclassified (31) 


Total (124) 


Outcome at Eñd of First Year 


Open LFU 
No. (%) 


Spont. Cl. 
No. (%) 


Surgery 
No. (%) 


18 (42) 23 (53) 


9 (23) 26 (65) 
10 (37) 17 (63) 


37 (34) 66 (60) 


LFU = lost to follow-up; Spont.Cl. = spontaneous closure: VSD = ventricular septal defect. 


ously closed if a murmur was not heard either by us or 
by the referring pediatrician. In cases of additional car- 
diac lesions, an echocardiogram was obtained to con- 
firm the status of the VSD at 1 year of age. An echo- 
cardiogram was not recorded in 31 patients with a VSD 
clinically owing to various reasons and were defined as 
unclassified VSDs. 


RESULTS 

Incidence and distribution: Of a total of approxi- 
mately 22,000 live births in the region during the study 
period, 124 patients (5.7 per 1,000 live births) were 
identified with VSD as a primary diagnosis (Table I). 
Of the 93 patients (male infants = 55, female infants 
= 38) who underwent a complete echocardiographic 
study, 47 had a muscular and 46 a perimembranous 
VSD. There was a slight preponderance of male pa- 
tients with both muscular and perimembranous VSDs. 
None had a subpulmonic type of VSD. Two patients 
who were not included in this study had a malalignment 
type of VSD; 1 had an additional coarctation of the 
aorta and the other progressed to tetralogy of Fallot. 
The muscular VSD was either apical, central (midmus- 
cular) or anterior (marginal type). None were of the 
inlet-septal or “swiss-cheese” types. By Doppler color 
flow mapping, 5 patients were suspected of having 2 
VSDs. One patient had 2 muscular VSDs: 1 central and 
1 apical. The other 4 patients had 2 jets in close proxim- 
ity in the right ventricular aspect of the muscular sep- 
tum but it was not clear whether there was 1 or 2 VSDs 
close to each other on the left ventricular aspect of the 
septum. Thus, only 1 of 124 patients in our series defini- 
tively had 2 VSDs. Angiocardiography was not indicat- 
ed in any of these 5 patients. 

Associated lesions persisting beyond 14 days of 
life: An associated atrial septal defect was seen in 9 pa- 
tients, a patent ductus arteriosus in 4, pulmonary valvar 
stenosis in 2, and bicuspid aortic valve and partial 
anomalous pulmonary venous connection to the right 
atrium in 1 patient each. A few had >1 associated le- 
sion. None of the patients in our series had aortic insuf- 
ficiency or subaortic membrane. 

Follow-up: Fourteen patients were lost to follow-up 
(<1 year of follow-up). For statistical calculations at 
the end of 1 year, these 14 children were excluded from 
the total. Spontaneous closure was seen in 18 of 43 pa- 
tients (43%) with muscular VSD, in 9 of 40 patients 





(23%) with perimembranous VSD, and in 10 of 27 pa- 
tients (37%) with unclassified VSD at the end of 1 year. 
Of 124 patients, 14 (11%) were born premature (gesta- 
tional age 37 weeks or less). All 14 weighed <2.4 kg at 
birth. Of these 14 infants, 6 had muscular, 6 had peri- 
membranous and 2 had unclassified VSDs. Overall, 5 of 
14 VSDs (2 muscular, 2 perimembranous, 1 unclassi- 
fied) closed spontaneously by the first year (35%). 
Congestive heart failure developed in 2 of 47 pa- 
tients with muscular VSDs, and digoxin therapy was 
required. One patient required surgery at age 2 months, 
and the other had a spontaneous closure of the VSD at 
age l year. In the perimembranous group, 12 of 46 had 
symptoms of congestive heart failure requiring digoxin 
therapy. One patient had a spontaneous closure at age 1 
year; in 3 others, the VSD remained open after 1 year 
(mean follow-up period 2.2 years). The remaining 8 pa- 
tients had large VSDs (pulmonary to systemic blood 
flow ratio >2) and required surgery, 5 within the first 
year of life. Overall, 7 of 124 (6%) required surgery in 
the first year. During follow-up, none developed subaor- 
tic membranous-type obstruction, aortic insufficiency, 
bacterial endocarditis or tricuspid insufficiency. 


DISCUSSION 

Incidence: The reported incidence of VSD has pro- 
gressively increased>*!2-!4 from 1.9 per 1,000 live births 
in 1941 to 4.65 per 1,000 live births in 1987. Improved 
diagnostic techniques, better antenatal care resulting in 
more affected fetuses surviving to term and increased 
reporting may all be causes for the progressive increase; 
also, environment as a cause cannot be ruled out. A sig- 
nificant percentage of patients with congenital heart 
disease surviving into adulthood and bearing children 
may also be a point of consideration; the risk of congen- 
ital heart disease in children of an affected patient is 
known to be significantly higher than the general popu- 
lation. In our series, we observed an even higher inci- 
dence of 5.7 per 1,000 live births. The reasons for this 
higher incidence may be that all patients were studied 
prospectively from birth by a single pediatric cardiolo- 
gist, and the echocardiographic studies were performed 
soon after clinical diagnosis was made. Our study is also 
the first to report on the incidence of VSD based on 
Doppler color flow mapping. A relatively higher inci- 
dence of VSDs in premature infants has been reported 
by other investigators.'~° In our study, 14 of 124 in- 
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fants (11%) with VSD were premature. Since the inci- 
dence of prematurity (gestational age <37 weeks) is 10 
to 12% of all live births in our area, prematurity does 
not appear to be a reason for the higher incidence of 
VSD in our series. 

Type of ventricular septal defect and frequency: In 
early studies, the perimembranous type accounted for 
approximately 80% of defects seen at surgery or at au- 
topsy,!>!® the incidence of muscular VSD being 5 to 
20% in the same series. With the advent of the echocar- 
diographic technique, this spectrum has changed.®!’ 
Recently, Trowitzsch et al® reported echocardiographic 
findings in 264 consecutive infants aged <1 year and 
found 68% muscular, 25% perimembranous, 7% mal- 
alignment and 0.7% subpulmonic VSDs. In our study, 
we observed a 51% incidence of muscular VSD and a 
49% incidence of perimembranous VSD. Our study also 
confirms that isolated subpulmonic VSD is rare®* in the 
caucasian and black population, although its incidence 
in Japanese and Chinese has been reported to be higher 
(about 35%). The incidence of multiple VSD in pub- 
lished reports is 2 to 25% in patients who have under- 
gone cardiac catheterization with isolated VSD.'*!° In 
our series, only 1 patient had 2 definitively discrete 
VSDs; 4 others had a muscular VSD with 2 color jets in 
close proximity. 

Outcome at the end of the first year: In our series, 
the overall rate of spontaneous closure of VSD at 1 year 
of age was 34%; the rate for muscular VSD is almost 
twice that of perimembranous VSD (43 vs 23%). The 
reported rate of spontaneous closure of VSD may vary 
greatly depending on the study population, criteria for 
diagnosis, methods of investigations, follow-up periods 
and the percentage of different types of VSD.'-? How- 
ever, serial echocardiographic studies were not per- 
formed to evaluate the mechanism of closure of VSD in 
our study. The prognosis (based on development of con- 
gestive heart failure or requiring surgery in the first 
year) in muscular VSD appears to be much better than 
that of the perimembranous type. A long-term prospec- 
tive study of the same cohort may provide more useful 
information in the true outcome of VSDs. 

Study limitations: All infants were diagnosed clini- 
cally as having a VSD by a pediatric cardiologist in this 
study, although some patients did not have a confirma- 
tory echocardiography. Even though almost all infants 
with heart murmur were referred for cardiologic evalua- 
tion, a small number may have been missed; thus, the 
true incidence is probably higher than our estimate. 
Some infants may have had spontaneous closure of 
VSD in the first few weeks of life before cardiologic 


evaluation. The overall true incidence of congenital 
heart disease is unknown in this area. Hence, the inci- 
dence of VSD relative to all congenital heart diseases in 
the general population cannot be estimated. 

Clinical implications: Our study reports a higher in- 
cidence of VSD. Whether this is true for other congeni- 
tal heart diseases needs to be investigated in a larger 
study population. Because the type and number of 
VSDs affect the clinical outcome, precise diagnosis is 
important. Periodical update of this nature and an 
awareness of the true incidence and outcome of VSDs, 
including spontaneous closure, is important in the man- 
agement of these children and in genetic counseling. 
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Now for heart rate control during atrial fibrillation and flutter 


CARD ZEM f irjeciavio 


[diltiazem f? hyarochlorid 
BOLUSI/INFUSION 


GAINS HEART RATE 
CONTROL QUICKLY... 





Cardizem Injectable is indicated for temporary control of rapid ventricular rate during atrial 
fibrillation and flutter; rarely converts to normal sinus rhythm. 0493E2 
Please see the brief summary of prescribing information on an adjacent page. 


CIVAH495/A8113 


24-HOUR 
CONTROL 





Should be used with continuous monitoring of ECG and blood pronus to avoid 
hypotension or bradycardia. Infusion rate/dose should be regulated accordingly. 
A defibrillator and emergency equipment should be readily available. 
CIVAH495/A8113 


For heart rate control during atrial fibrillation and flutter 


MAINTAINS 
HEART RATE CONTROL 
SAFELY 








FAST 


m 3-minute onset of action from first bolus injection’ 
m 95% response rate within 2 to 7 minutes of administration’ 








m |- to 3-hour duration of action with bolus 


SAFE 











m 4.3% incidence of asymptomatic hypotension'"* 
m 3.2 % incidence of symptomatic hypotension” 
m 3.9% incidence of injection site reaction’ 

m 1.7% incidence of flushing’* 

m Little negative inotropic effect" 


m Do not use in Af/Fl patients with WPW or short PR syndrome 


Other contraindications: sick sinus syndrome and second- or third-degree 
AV block except with a functioning pacemaker; severe hypotension and shock; 
hypersensitivity; recent IV beta-blockers; ventricular tachycardia, 





CONTINUOUS CONTROL 


m Heart rate control through infusion for up to 24 hours!” 


Cardizem Injectable is indicated for temporary control of rapid ventricular 
rate during atrial fibrillation and flutter; rarely converts to normal sinus rhythm. 


“Occurs most often during or immediately following bolus injection. 
tCaution should be used in patients with congestive heart failure. 





Please see the brief summary of prescribing information on an adjacent page. 6493E2 





CONVENIENT DOSAGE 








BOLUS: 0.25 mg/kg 


actual body weight 
over 2 minutes 


20 mg average patient 


BOLUS: 0.35 mg/kg 


actual body weight 
over 2 minutes 


25 mg average patient 





INFUSION: 
10* to 15 mg/hr 


*5 mg/hr may be appropriate 
starting infusion for some 
patients. 


BRIEF SUMMARY 


CARDIZEM® Injectable 
(diltiazem hydrochloride) 


INDICATIONS AND USAGE 

CARDIZEM Injectable (diltiazem hydrochloride) is indicated for the following: 

. Atrial Fibrillation or Atrial Flutter. Temporary control of rapid ven- 

tricular rate in atrial fibrillation or atrial flutter. It should not be used in patients 
with atrial fibrillation or atrial flutter associated with an accessory bypass 
tract such as in Wolff-Parkinson-White (WPW) syndrome or short 
PR syndrome. 

2. Paroxysmal Supraventricular Tachycardia. Rapid conversion of parox- 
ysmal supraventricular tachycardias (PSVT) to sinus rhythm. This includes 
AV nodal reentrant tachycardias and reciprocating tachycardias associated 
with an extranodal accessory pathway such as the WPW syndrome or short 
PR syndrome. Unless otherwise contraindicated, appropriate vagal maneu- 
vers should be attempted prior to administration of CARDIZEM Injectable. 

The use of CARDIZEM Injectable for contro! of ventricular response in patients 
with atrial fibrillation or atrial flutter or conversion to sinus rhythm in patients 
with PSVT should be undertaken with caution when the patientis compromised 
hemodynamically or is taking other drugs that decrease any or all of the fol- 
lowing: peripheral resistance, myocardial filling, myocardial contractility, or 
electrical impulse propagation in the myocardium. 

For either indication and particularly when employing continuous 

intravenous infusion, the setting should include continuous monitoring 

of the ECG and frequent measurement of blood pressure. A defibrillator 
and emergency equipment should be readily available. 

In domestic controlled trials in patients with atrial fibrillation or atrial flutter, 

bolus administration of CARDIZEM Injectable was effective in reducing heart 

rate by at least 20% in 95% of patients. CARDIZEM Injectable rarely converts 
atrial fibrillation or atrial flutter to normal sinus rhythm. Following administration 
of one or two intravenous bolus doses of CARDIZEM Injectable, response 
usually occurs within 3 minutes and maximal heart rate reduction generally 
occurs in 2 to 7 minutes. Heart rate reduction may last from 1 to 3 hours. If 
hypotension occurs, it is generally shortlived, but may last from 1 to 3 hours. 

A 24-hour continuous infusion of CARDIZEM Injectable in the treatment of atrial 

fibrillation or atrial flutter maintained at least a 20% heart rate reduction dur- 

ing the infusion in 83% of patients. Upon discontinuation of infusion, heart 
rate reduction may last from 0.5 hours to more than 10 hours (median dura- 
tion 7 hours). Hypotension, if it occurs, may be similarly persistent. 

In the controlled clinica trials, 3.2% of patients required some form of inter- 

vention (typically, use of intravenous fluids or the Trendelenburg position) for 

blood pressure support following CARDIZEM Injectable. 

In domestic controlled trials, bolus administration of CARDIZEM Injectable was 

effective in converting PSVT to normal sinus rhythm in 88% of patients within 

3 minutes of the first or second bolus dose. 

Symptoms associated with the arrhythmia were improved in conjunction with 

decreased heart rate or conversion to normal sinus rhythm following adminis- 

tration of CARDIZEM Injectable. 


CONTRAINDICATIONS 


ra Injectable is contraindicated in: 

1 . Patients with sick sinus syndrome except in the presence of a functioning 
ventricular pacemaker. 
. Patients with second- or third-degree AV block except in the presence of 
a functioning ventricular pacemaker. 
. Patients with severe hypotension or cardiogenic shock. 

Patients who have demonstrated hypersensitivity to the drug. 
. Intravenous diltiazem and intravenous beta-blockers should not be 
administered together or in close proximity (within a few hours). 
. Patients with atrial fibrillation or atrial flutter associated with an accessory 
bypass tract such as in WPW syndrome or short PR syndrome. 

As with other agents which slow AV nodal conduction and do not prolong 
the refractoriness of the accessory pathway (eg, verapamil, digoxin), in rare 
instances patients in atrial fibrillation or atrial flutter associated with an acces- 
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sory bypass tract may experience a potentially life-threatening increase in 
heart rate accompanied by hypotension when treated with CARDIZEM Injec- 
table. As such, the initial use of CARDIZEM Injectable should be, if 
possible, in a setting where monitoring and resuscitation capabilities, includ- 
ing DC cardioversion/defibrillation, are present (see OVERDOSAGE). Once 
familiarity of the patient's response is established, use in an office setting 
may be acceptable. 

7. Patients with ventricular tachycardia. Administration of other calcium chan- 
nel blockers to patients with wide complex tachycardia (QRS = 0.12 
seconds) has resulted in hemodynamic deterioration and ventricular fibril- 
lation. It is important that an accurate pretreatment diagnosis distinguish 
wide complex QRS tachycardia of supraventricular origin from that of 
ventricular origin prior to administration of CARDIZEM Injectable. 


WARNINGS 


1. Cardiac Conduction. Diltiazem prolongs AV nodal conduction and refrac- 
toriness that may rarely result in second- or third-degree AV block in sinus 
rhythm. Concomitant use of diltiazem with agents known to affect cardiac 
conduction may result in additive effects (see Drug Interactions). If 
high-degree AV block occurs in sinus rhythm, intravenous diltiazem should 
be discontinued and appropriate supportive measures instituted (see 
OVERDOSAGE). 


. Congestive Heart Failure. Although diltiazem has a negative inotropic 
effect in isolated animal tissue preparations, hemodynamic studies in 
humans with normal ventricular function and in patients with a com- 
promised myocardium, such as severe CHF, acute MI, and hypertrophic 
cardiomyopathy, have not shown a reduction in cardiac index nor consis- 
tent negative effects on contractility (dp/dt). Administration of oral diltia- 
zem in patients with acute myocardial infarction and pulmonary congestion 
documented by x-ray on admission is contraindicatec. Experience with the 
use of CARDIZEM Injectable in patients with impaired ventricular function 
is limited. Caution should be exercised when using the drug in such patients. 

. Hypotension. Decreases in blood pressure associated with CARDIZEM 
Injectable therapy may occasionally result in symptomatic hypotension 
(3.2%). The use of intravenous diltiazem for control of ventricular response 
in patients with supraventricular arrhythmias should be undertaken with 
caution when the patient is compromised hemodynamically. In addition, 
caution should be used in patients taking other drugs that decrease 
peripheral resistance, intravascular volume, myocardial contractility 
or conduction. 


. Acute Hepatic Injury. In rare instances, significant elevations in enzymes 
such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena 
consistent with acute hepatic injury have been noted following oral diltia- 
zem. Therefore, the potential for acute hepatic injury exists following 
administration of intravenous diltiazem. 


Ventricular Premature Beats (VPBs). VPBs may be present on conver- 
sion of PSVT to sinus rhythm with CARDIZEM Injectable. These VPBs are 
transient, are typically considered to be benign, and appear to have no 
clinical significance. Similar ventricular complexes have been noted dur- 
ing cardioversion, other pharmacologic therapy, and during spontaneous 
conversion of PSVT to sinus rhythm. 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metabolized by 
the liver and excreted by the kidneys and in bile. The drug should be used with 
caution in patients with impaired renal or hepatic function (see WARNINGS). 
High intravenous dosages (4.5 mg/kg tid) administered to dogs resulted in sig- 
nificant bradycardia and alterations in AV conduction. In subacute and chronic 
dog and rat studies designed to produce toxicity, high oral doses of diltiazem 
were associated with hepatic damage. In special subacute hepatic studies, 
oral doses of 125 mg/kg and higher in rats were associated with histological 
changes in the liver, which were reversible when the drug was discontinued. 
In dogs, oral doses of 20 mg/kg were also associated with hepatic changes; 
however, these changes were reversible with continued dosing. 
Dermatologic events progressing to erythema multiforme and/or exfoliative 
dermatitis have been infrequently reported following oral diltiazem. Therefore, 
the potential for these dermatologic reactions exists following exposure to 
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intravencus diltiazem. Should a dermatologic reaction persist, the drug should 
be discontinued. 

Drug Interactions. Due to potential tor additive effects, caution is warranted 
in patients receiving CARDIZEM Injectable concomitantly with any agent(s) 
known to affect cardiac contractility and/or SA or AV node conduction 
(see WARNINGS). 


As with all drugs, care should be exercised when treating patients with multi- 
ple medications. CARDIZEM undergoes extensive metabolism by the 
cytochrome P-450 mixed function oxidase system. Although specific phar- 
macokinetic drug-drug interaction studies have not been conducted with single 
intravenous injection or constant rate intravenous infusion, coadministration 
of CARDIZEM Injectable with other agents which primarily undergo the same 
route of biotransformation may result in competitive inhibition of metabolism. 


Digitalis: Intravenous diltiazem has been administered to patients receiving 
either intravenous or oral digitalis therapy. The combination of the two drugs 
was well tolerated without serious adverse effects. However, since both drugs 
affect AV nodal conduction, patients should be monitored for excessive slowing 
of the heart rate and/or AV block. 


Beta-blockers: Intravenous diltiazem has been administered to patients on 
chronic oral beta-blocker therapy. The combination of the two drugs was gener- 
ally well tolerated without serious adverse effects. If intravenous diltiazem is 
administered to patients receiving chronic oral beta-blocker therapy, the pos- 
sibility for bradycardia, AV block, and/or depression of contractility should be 
considered (see CONTRAINDICATIONS). Oral administration of diltiazem with 
propranolol in five normal volunteers resulted in increased propranolol levels 
in all subjects and bioavailability of propranolol was increased approximately 
50%. In vitro, propranolol appears to be displaced from its binding sites 
by diltiazem. 

Anesthetics: The depression of cardiac contractility, conductivity, and automa- 
ticity as well as the vascular dilation associated with anesthetics may be poten- 
tiated by calcium channel blockers. When used concomitantly, anesthetics 
and calcium blockers should be titrated carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study 
in rats at oral dosage levels of up to 100 mg/kg/day, and a 21-month study in 
mice at oral dosage levels of up to 30 mg/kg/day showed no evidence of car- 
cinogenicity. There was also no mutagenic response in vitro or in vivo in mam- 
malian cell assays or in vitro in bacteria. No evidence of impaired fertility was 
observed in a study performed in male and female rats at oral dosages of up 
to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, 
rats, and rabbits. Administration of oral doses ranging from five to ten times 
greater (on a mg/kg basis) than the daily recommended oral antianginal ther- 
apeutic dose has resulted in embryo and fetal lethality. These doses, in some 
studies, have been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths at doses of 20 
times the human oral antianginal dose or greater. 


There are no well-controlled studies in pregnant women; therefore, use 
CARDIZEM in pregnant women only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report with oral 
diltiazem suggests that concentrations in breast milk may approximate serum 
levels. If use of CARDIZEM is deemed essential, an alternative method of infant 
feeding should be instituted. 


Pediatric Use. Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 


The following adverse reaction rates are based on the use of CARDIZEM 
Injectable in over 400 domestic clinical trial patients with atrial fibrillation/flutter 
or PSVT under double-blind or open-label conditions. Worldwide experience 
in over 1,300 patients was similar. 


Adverse events reported in controlled and uncontrolled clinical trials were gener- 
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MISCELLANEOUS 


Changes in Pulmonary Hemodynamics with 
Aging in a Predominantly 
Hypertensive Population 


Jalal K. Ghali, MD, Youlian Liao, MD, Richard S. Cooper, MD, and Guichan Cao, MS 


The impact of aging on pulmonary hemodynamics 


was investigated in 322 patients who underwent 
right- and left-sided cardiac catheterization and 
echocardiographic examination, and were free of 
coronary disease, impaired left ventricular systolic 
function and left ventricular dilatation. Most of the 
patients were black (83%) and hypertensive 
(78%). Mean pulmonary artery pressures in- 
creased progressively with age: 16.7 + 4.6, 17.9 
+ 6.4 and 20.6 + 8.0 mm Hg for those aged <45 
(n = 50), 45 to 64 (n = 238) and >65 years 
(n = 34), respectively (p = 0.020). Pulmonary vas- 
cular resistance was 99 + 42, 116 + 62 and 160 
+ 68 dynes s cm ‘5, and the ratio of pulmonary to 
systemic vascular resistance was 78, 80 and 
105%, respectively, for the 3 age groups (p 
<0.001). Along with these changes, a decrease in 
cardiac output and an increase in systolic blood 
pressure and systemic vascular resistance with 
age were noted. The effect of age on mean pulmo- 
nary artery pressure and pulmonary vascular re- 
sistance was statistically significant after adjust- 
ment for gender, smoking status, body weight, left 
ventricular hypertrophy, systolic blood pressure 
and systemic vascular resistance. Consideration 
should be given to age-related changes in the pul- 
monary circulation when defining physiologically 
normal values. 

(Am J Cardiol 1992;70:367-370) 


From the Department of Preventive Medicine, Loyola University Medi- 


cal Center, Maywood, Illinois; and the Department of Medicine, School 
of Medicine in Shreveport, Louisiana State University, Shreveport, 
Louisiana. This study was supported by Grant RO1HL38557 from the 
National Institutes of Health, Bethesda, Maryland. Manuscript re- 
ceived January 6, 1992; revised manuscript received April 13, 1992, and 
accepted April 19. 

Address for reprints: Jalal K. Ghali, MD, Department of Cardiolo- 
gy, Louisiana State University Medical Center, P.O. Box 33932, 
Shreveport, Louisiana 71130. 


ing on pulmonary hemodynamics.'~> In most pre- 

vious studies, either the status of the coronary 
arteries or ventricular function was not well defined,'~4 
or the number of patients studied was small. Also in 
previous studies, echocardiographic data were not avail- 
able to assess the potential influence of left ventricular 
hypertrophy on pulmonary hemodynamics. This study 
examined the impact of aging on pulmonary hemody- 
namics in a relatively large number of predominantly 
hypertensive patients with angiographically defined cor- 
onary anatomy and ventricular function, as well as 
echocardiographically determined left ventricular hy- 


pertrophy. 


METHODS 

Between January 1983 and March 1989, 2,040 pa- 
tients underwent cardiac catheterization and were en- 
rolled in the Cook County Heart Disease Registry. Pa- 
tients with any of the following conditions were exclud- 
ed from this analysis: (1) pulmonary pressures not 
available (n = 444); (2) technically satisfactory echo- 
cardiogram was not obtained (n = 1,076); (3) signifi- 
cant coronary artery disease, defined as >70% diameter 
reduction in at least 1 major coronary vessel (n = 
1,010); (4) left ventricular systolic dysfunction, defined 
as a left ventricular ejection fraction <50%, or fraction- 
al shortening <24% (n = 463); and (5) left ventricular 
dilatation, defined as left ventricular end-diastolic diam- 
eter of >3.1 cm/m? in men and >3.2 cm/m? in women 
(n = 137). 

Many patients fulfilled >1 exclusion criteria. The fi- 
nal analytic sample consisted of 322 patients. Informa- 
tion regarding symptoms and medical history were col- 
lected either by a personal interview with a standardized 
questionnaire or by reviewing the medical chart. All 
studies were performed in the fasting state and none 
of the patients received premedication. Hemodynamic 
data were collected from cardiac catheterization of both 
the right and left side of the heart. Mean pulmonary 
artery pressure was recorded in the main pulmonary ar- 
tery and aortic pressure was recorded in the ascending 
aorta. Cardiac output was determined in triplicate using 
the thermodilution technique. Pressure tracings were re- 
corded on the Hewlett-Packard 4568C system using flu- 
id-filled catheters. Transducers were checked routinely 
before each procedure. The pressure decrease across the 
pulmonary vascular bed was calculated as mean pulmo- 
nary artery pressure — mean pulmonary artery wedge 
pressure. Systemic and pulmonary vascular resistances 
(in dynes s cm~) were calculated using the formulas®: 


l imited information is available on the impact of ag- 
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TABLE I Clinical Characteristics by Age Groups 


Age Groups (years) 





<45 45-64 >65 Total 
No. Mean + SD Mean + SD Mean + SD Mean + SD 

Age (years) 50 39 +5 238 55:+5 34 68 + 2 322 54+9 
Weight (Ib) 50 182 + 38 238 185 + 32 34 174 + 36 322 183 + 34 0.156 
Systolic BP (mm Hg) 50 133 + 20 230 143 + 23 33 154 + 26 313 143 + 23 <0.001 
Diastolic BP (mm Hg) 50 85+ 13 230 83 + 12 33 82 +12 els 83 + 12 0.431 
Gender 

Male 26 52% ID 32% 12 35% 113 35% 0.022 
Race 

Black 38 76% 200 84% 30 88% 268 83% 0.060 
History of systemic 

hypertension - 67% er 82% 21 68% an 78% 0.027 
Current smokers 34% 30% 2 6% 28% 0.008 


TABLE Ii Echocardiographic Findings by Age Groups 


Age Groups (years) 









<45 
(n = 50) 





Mean + SD 








systemic vascular resistance = 80 X (mean aortic pres- 
sure — mean right atrial pressure) /cardiac output; pul- 
monary vascular resistance = 80 X (mean pulmonary 
artery pressure — mean pulmonary artery wedge pres- 
sure)/cardiac output. 

All patients were studied with use of 2-dimensional 
derived M-mode echocardiograms in standard views. 
Measurements were obtained according to the recom- 
mendations of the American Society of Echocardiogra- 
phy. Left ventricular (LV) mass was calculated with the 
formula of Troy et al’: LV mass (g) = 1.05 [(LV inter- 
nal diameter + LV septal thickness + LV posterior wall 
thickness)? — (LV internal diameter)?]. Left ventricu- 
lar hypertrophy was defined according to the Framing- 
ham Heart Study criteria with left ventricular mass 
corrected for height 2163 g/m in men and 2121 g/m 
in women. 

All comparisons were made among 3 age groups 
(<45, 45 to 64 and 265 years). The chi-square test was 
used to compare categorical variables, whereas analysis 
of variance was used to compare group means of contin- 
uous variables and to test for linearity. The independent 
effect of age on pulmonary hemodynamic variables was 
assessed by analysis of covariance. The linear associa- 


45-64 
(n = 238) 


Mean + SD 


Posterior wall thickness 1124 0:36. ° 13 2 O21 - Y.17 2 0.24 > -kiS't0:22: -0:617 
(cm) 

Septum thickness (cm) 1.17-+ 0.37) 1.17 +025. .1.252 0.33... 1.18 + 0.28- 0.248 

LV end-systolic dimension 3.0 + 0.6 3.0 + 0.7 2.72035 2.9+0.7 0.044 
(cm) 

LV end-diastolic dimension 47+ 0.6 47+0.6 4.3 + 0.6 46+0.6 0.012 
(cm) 

LV mass/height (g/m) 151 + 62 153 + 53 145 + 41 152 + 53 0.659 

LV hypertrophy 38% 61% 62% 58% 0.010 


LV = left ventricular. 






Total 
(n = 322) 


>65 
(n = 34) 








Mean + SD Mean + SD pValue 











tion between age and hemodynamic variables was eval- 
uated by Pearson correlation analysis. 


RESULTS 

Clinical features: The clinical characteristics of the 
patients aged <45, 45 to 64 and 265 years are present- 
ed in Table I. Female gender predominated in groups 
aged 45 to 64 and 265 years. Most of the patients in all 
age groups were black and had a positive history of hy- 
pertension. The percentage of smokers declined signifi- 
cantly with age. 

Echocardiographic findings: A significant decrease 
in left ventricular end-diastolic and systolic diameter 
was observed in patients 265 years compared with 
those <65 years (Table II). There was a significant in- 
crease in the prevalence of left ventricular hypertrophy 
with age. 

Hemodynamic features: Significant age differences 
were present in cardiac output, cardiac index, systemic 
vascular resistance, mean pulmonary artery pressure, 
pressure decrease across the pulmonary vascular bed, 
pulmonary vascular resistance, and the ratio of pulmo- 
nary to systemic vascular resistance (Table III). Tests 
of linearity confirmed a significant decrease in cardiac 
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TABLE Ili Hemodynamic Findings by Age Groups 


Age Groups (years) 


<45 


Mean + SD No. 


Cardiac output (liters/min) 
Cardiac index (liters/min/m?) 
PA wedge pressure (mm Hg) 
LV end-diastolic 
pressure (mm Hg) 
Mean RA pressure (mm Hg) 
Mean AO pressure (mm Hg) 
SVR (dynes s cm-5) 
Mean PA pressure (mm Hg) 
Pressure decrease across 
pulmonary bed (mm Hg) 
PVR (dynes s cm~°) 
PVR/SVR (%) 


45-64 


Mean + SD 


Oy E 14 
3.0 + 0.7 
10.6 + 4.8 


12+5 
SA E ASMO, 
105 + 15 
1480 + 402 
17.9 + 6.4 


7.8+3.9 
116 + 62 
80 + 41 


Total 


Mean + SD p Value 


5.4+ 1.5 
2.9 + 0.8 
10.3 + 6.3 


58+1.4 
3.0 + 0.7 
10.5+ 4.9 


12+5 
5.7+2.8 
107 + 19 
1585 + 674 
20.6 + 8.0 


12 +4 
5.9 + 2.9 
104+15 

1455 + 440 
18.0 + 6.4 


10.7 + 4.6 
160 + 68 
105 + 36 


8.0 + 3.9 
118 + 62 
82 + 39 


AO = aortic; LV = left ventricular; PA = pulmonary artery; PVR = pulmonary vascular resistance; RA = right atrial; SVR = systemic vascular resistance. 


output and increase in the rest of the aforementioned 
parameters with age (p <0.01). Pearson correlation co- 
efficients between age and mean pulmonary artery pres- 
sure and pulmonary vascular resistance were quantita- 
tively not large, but statistically significant: r = 0.11, 
p = 0.05 and r = 0.21, p = 0.001, respectively. 

To determine the independent influence of aging on 
pulmonary artery pressure and pulmonary vascular re- 
sistance, analysis of covariance was performed with gen- 
der, body weight, smoking status, left ventricular hyper- 
trophy, and either systolic blood pressure or systemic 
vascular resistance as the covariates. The effect of age 
on these 2 hemodynamic variables was statistically sig- 
nificant (p <0.01). 

Additional analyses were performed only in patients 
who never smoked (n = 135). For the 3 age groups, 
mean pulmonary artery pressures were 16.3, 17.2 and 
21.2 mm Hg, respectively (p <0.01), and pulmonary 
vascular resistance was 83, 111 and 157 dynes s cm~, 
respectively (p <0.001). For patients who were not cur- 
rently smoking (n = 232), the results were similar (data 
not shown). When analyses were extended to include 
patients with coronary artery disease (n = 1,262), simi- 
lar results were also obtained (data not presented). 


DISCUSSION 

The elderly population is the most rapidly growing 
segment of our society, underscoring the need for more 
information on the impact of aging on various organ 
systems, dissociated from the effects of concurrent dis- 
eases. Because of the increasing prevalence of coronary 
artery disease? and left ventricular hypertrophy!°— 
conditions that may affect pulmonary hemodynamics 
— it is imperative that these conditions be considered in 
any attempt to assess the independent impact of aging. 
This study demonstrates an impact of age on the pulmo- 
nary hemodynamics that is independent of coronary dis- 
ease and left ventricular hypertrophy. 

The increase in mean pulmonary artery pressure and 
pulmonary vascular resistance with aging appeared to 
be more striking for resistance than for pressure as 





shown in this study and others. A marked rise in the 
pressure decrease across the pulmonary vascular bed 
and a decrease in cardiac output with age could be an 
explanation. This later finding has been noted by 
some,!!-!3 but not all investigations,*!*!> in part, relat- 
ed to the methods used. 

Various mechanisms could be proposed to explain 
the impact of aging on pulmonary hemodynamics. In 
prior studies,'®!’ among hypertensive patients with ele- 
vated systemic blood pressure and systemic vascular re- 
sistance, a proportional increase in pulmonary pressure 
and resistance has been demonstrated. However, this 
study showed that the impact of age on pulmonary he- 
modynamics was independent of the increase in systolic 
blood pressure or systemic vascular resistance. 

Several structural changes in the pulmonary vascu- 
lature have been reported with age, including intimal 
fibrosis and increased wall thickness in the muscular 
pulmonary arteries.'* However, this has not been a uni- 
versal finding and the collagen and elastin content of 
the pulmonary artery does not appear to show signifi- 
cant age-related changes.!? Abnormalities in aortic dis- 
tensibility which increase aortic impedance are age-re- 
lated.2? Although similar changes occur in the pulmo- 
nary circulation, their magnitude seems to be smaller 
than in the aorta.*!2 However, the ratio of pulmonary 
to systemic vascular resistance increases with age, sug- 
gesting that the hemodynamic effects of aging are pro- 
portionately greater in the pulmonary than in the sys- 
temic vascular bed. Abnormalities of left ventricular 
diastolic function could be invoked to provide an expla- 
nation.” The resting mean pulmonary artery wedge 
pressure did not significantly differ among the various 
age groups in our study. More sensitive indexes of left 
ventricular diastolic function, such as those derived 
from Doppler echocardiography, could provide evidence 
of alterations in diastolic function associated with age 
that are independent of left ventricular hypertrophy or 
cavity dimension.” 

This study is limited by its retrospective nature. The 
timing of pressure measurements and their relation to 


PULMONARY HEMODYNAMICS IN AGING 369 


catheter insertion, could have differed among the pa- 
tients. Patients in this study were taken from a hospital 
registry and they sought medical care primarily for a 
complaint of chest pain. Thus, they do not represent a 
“healthy” population despite having a normal angio- 
gram and normal systolic cardiac function. The possibil- 
ity that the pulmonary changes are a consequence of a 
specific disease process, rather than aging per se, cannot 
be totally dismissed. 

There is a recognized need for better information 
concerning normal pulmonary hemodynamics and their 
relation to age. If the changes in pulmonary hemody- 
namics are part of the “normal” aging process, the nor- 
mal values for pulmonary pressures and vascular resis- 
tance need to be corrected for age. However, on some 
occasions, the changes in the biologic measurements 
with age, e.g., blood pressure and left ventricular mass, 
actually imply an adverse pathologic process. An in- 
crease in mean pulmonary pressure has been shown to 
be an independent predictor of mortality in our previous 
report.24 Pulmonary hemodynamic changes with age 
should not be ignored. Applying noninvasive techniques 
like Doppler echocardiography? or the radionuclide 
scan”° in healthy persons in prospective studies to mea- 
sure pulmonary hemodynamics and left ventricular dia- 
stolic function should provide needed information 
concerning the impact of aging on pulmonary hemody- 
namics. 
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Newly Diagnosed Non-Insulin-Dependent 
Diabetes Mellitus 
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Esko Lansimies, MD, and Matti Uusitupa, MD 





Left ventricular (LV) function and dimensions 
were assessed with Doppler and M-mode echocar- 
diography in 26 men and 17 women with newly di- 
agnosed non-insulin-dependent diabetes mellitus, 
and in 13 healthy control men and 13 women. The 
diabetic men had lower peak filling rate normal- 
ized to mitral stroke volume than the control men 
(mean + standard error of the mean, 4.2 + 0.1 vs 
4.9 + 0.3 stroke volume/s, p <0.01). The diabetic 
women had increased LV mass (102 + 12 vs 86 + 
8 g/m, p <0.01) and decreased fractional short- 
ening (34 + 1 vs 38 + 1%, p <0.05) when com- 
pared with control women. At 3 and 15 months, 
23 diabetic men and 15 women were reexamined. 
Concomitantly with decreasing blood glucose lev- 
els, fractional shortening improved mainly during 
the first 3 months and was significantly higher in 
both diabetic men (36 + 2 vs 30 + 2%, p <0.05) 
and women (38 + 1 vs 34 + 1%, p <0.05) at 15 
months than at baseline. In the diabetic men, peak 
filling rate increased from 4.3 + 0.1 stroke vol- 
ume/s at baseline to 4.8 + 0.2 stroke volume/s at 
15 months (p <0.05). At 15 months, peak filling 
rate was correlated (r = 0.61, p <0.001) with 
autonomic nervous function assessed as heart rate 
variability during deep breathing test in diabetic 
men who also showed an inverse correlation be- 
tween LV hypertrophy and heart rate variability 
throughout the follow-up. The relation between 
peak filling rate and heart rate variability was, 
however, independent of LV wall thickness, age, 
glycemic control, body mass index and cardiovas- 
cular diseases. These preliminary results demon- 
strate that both systolic and diastolic function im- 
prove concomitantly with declining blood glucose 
levels in patients with newly diagnosed non-insu- 
lin-dependent diabetes mellitus. Hyperglycemia 
may have a more direct adverse effect on LV sys- 
tolic function than on LV filling that is related to 
autonomic nervous function. 

(Am J Cardiol 1992;70:371-378) 
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al and structural abnormalities have been demon- 

strated independently of ischemic, valvular or hy- 
pertensive heart disease.!-? In cross-sectional studies, 
these abnormalities have been related to metabolic con- 
trol of diabetes, autonomic neuropathy, duration of dia- 
betes or microvascular complications.' Prospective fol- 
low-up data on cardiac function in non-insulin-depen- 
dent diabetes mellitus (NIDDM) are scarce. A few 
short-term studies have shown that LV systolic function 
may improve if hyperglycemia is corrected,*° but dia- 
stolic abnormalities are considered to be largely irre- 
versible.'* Asymptomatic hyperglycemia of long dura- 
tion often precedes clinically manifest NIDDM, and ab- 
normalities in cardiac function have been found in 
patients with newly diagnosed NIDDM.® If the func- 
tional and structural changes of myocardium are pre- 
ventable or even reversible like experimental studies 
suggest,' this could be demonstrated most likely in new- 
ly diagnosed patients. This prospective follow-up study 
focused on LV function and dimensions in relation to 
anthropometric, metabolic and hemodynamic variables, 
and autonomic nervous function in newly diagnosed 
NIDDM. 


|: diabetic patients, left ventricular (LV) function- 


METHODS 

Subjects and study design: During the period 1987 
to 1989, physicians working in an area covering a total 
population of 130,000 inhabitants were asked to refer 
all 40- to 64-year-old, previously nondiabetic subjects 
with fasting venous blood glucose 26.7 mmol/liter in 
repeated measurements to the outpatient clinic for fur- 
ther evaluation. The diagnosis of NIDDM was con- 
firmed by standard criteria.’ Of these patients, 29 con- 
secutively referred men and 18 women underwent 
M-mode and Doppler echocardiography at baseline 
(0 months). After excluding patients with inadequate 
Doppler tracings (n = 3) and aortic regurgitation (n = 
1), the baseline study population consisted of 26 men 
and 17 women whose results were compared with a 
group of healthy control subjects (study 1). Adequate 
Doppler tracings were obtained at 3 and 15 months 
from 23 diabetic men and 15 women who formed the 
follow-up study population (study 2). This study was 
approved by the local ethics committee. All subjects 
gave their informed consent before participating in the 
study. 

The mean delay from the primary diagnosis of dia- 
betes to the baseline examination was 2 to 3 months. 
During this delay a significant weight loss was observed 
in both men (mean + standard error of the mean —3.7 
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+ 0.8 kg, p <0.001) and women (—2.7 + 0.7 kg, p 
<0.01). The corresponding decreases in fasting blood 
glucose were —4.2 + 0.7 mmol/liter (p <0.001) and 
—2.7 + 0.8 mmol/liter (p <0.01). Of the diabetic men, 
23% had never smoked, and 23% were current smokers. 
The corresponding figures for the diabetic women were 
76 and 18%. The patients were mainly sedentary: 58% 
of the men and 71% of the women had no regular physi- 
cal activities during leisure time. 

For further analyses, diabetic men were divided into 
2 subgroups: those without (n= 14) and those with 
(n = 12) cardiovascular disease including hypertension 
(n = 8), ischemic heart disease (n = 4) and drug treat- 
ment for heart failure (n = 2). The last group also in- 
cluded all patients with 20.1 mV ST depression during 
the exercise test irrespective of whether or not they had 
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FIGURE 1. Schematic drawings of the left ventricular filling 
indexes measured in this study. A = peak flow velocity of late 


locity of early left ventricular filling; EF 
slope of earty filling; Ei = time-velocity integral of earty filling; 
1/; FF = relative filling fraction during the first '/s of diastole; 
PFR = peak filling rate; SV = stroke volume. 


chest pain. This selection was not applied to diabetic 
women, because only 5 were free of cardiovascular dis- 
ease or cardiovascular drugs. Of the diabetic women, 10 
were hypertensive, 1 had ischemic heart disease and 1 
was treated for heart failure. During the study, the 
number of patients taking 8 blockers increased from 10 
to 12. The corresponding changes in the use of diuretics 
were 10 to 5, in angiotensin-converting enzyme inhibi- 
tors 3 to 8, in nitrates 4 to 3 and in calcium antagonists 
1 to 0. The use of digitalis remained unchanged (n = 2). 

Thirteen randomly selected men and 13 women aged 
<65 years, originally from the healthy control group ex- 
amined 4 years earlier, were reexamined. All of them 
were free of cardiovascular disease. Of the men, 23% 
had never smoked and 8% were current smokers. The 
corresponding figures for the women were 92 and 8%. 
The control subjects were mainly sedentary: 62% of the 
men and 46% of the women had no regular physical 
exercise during leisure time. 

Pulse-wave Doppler and M-mode echocardiogra- 
phy: Echocardiographic examinations were performed 
after overnight fasting in the left lateral semirecumbent 
position between 0800 and 1100 hours. All subjects 
were instructed to avoid vigorous exercise and alcohol 
consumption in the preceding day and smoking was for- 
bidden at the day of examination. Doppler and M-mode 
tracings (100 mm/s paper speed) were obtained with 
simultaneous electrocardiograms with Aloka SSD-650 
or SSD-870 ultrasound system (Aloka Ltd., Tokyo, Ja- 
pan). All tracings were analyzed with custom-built soft- 
ware by a single observer without knowledge of the clin- 
ical status of the subjects. By using a digitizing table 
(MM 1201, Summagraphics Co., Fairfield, Connecti- 
cut; resolution 0.1 mm), the measurements were ob- 
tained from 3 to 5 cardiac cycles and averaged. M- 
mode measurements were performed according to the 
recommendations of the American Society of Echocar- 
diography.’ LV fractional shortening was calculated as 
the percentage of change in the internal LV dimension 
between systole and diastole. LV mass was calculated as 
previously recommended by Devereaux et al.!° 

Doppler signals were recorded from the apical 4- 
chamber view with 3 to 5 mm sample volume placed at 
the level of mitral leaflet tips parallel to maximal mitral 
inflow. The midpoints of the darkest portions of the 
Doppler velocity waveforms were digitized and the fol- 
lowing indexes were calculated (Figure 1): (1) peak 
flow velocity of early LV filling, (2) peak flow velocity 
of late (atrial) LV filling, (3) ratio of peak early to peak 
late flow velocities, (4) time-velocity integral of early 
LV filling, (5) time-velocity integral of late LV filling, 
(6) ratio of early to late time-velocity integrals, (7) 
peak early filling rate normalized to mitral stroke vol- 
ume,!!.!2 (8) percentage of LV filling during the first “3 
of diastole, (9) acceleration halftime of early peak flow 
velocity, (10) deceleration rate of early peak filling, and 
(11) deceleration halftime of early peak flow velocity. 

The day-to-day variability of both M-mode and 
Doppler measurements (Table I) was evaluated in 10 
healthy middle-aged men (age 55 + 1 years, body mass 
index 27 + 1 kg/m?) by performing 2 examinations 
with a 1- to 2-week interval by a single observer. 
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Other measurements: Biochemical examinations 
were performed after overnight fasting before echocar- 
diography. The glucose oxidase method was used to 
measure blood glucose (Glucose Auto & Stat HGA- 
1120 analyzer, Daiichi Co., Kyoto, Japan). Commercial 
fast protein liquid chromatography (Pharmacia Fine 
Chemicals AB, Uppsala, Sweden) was used to measure 
glycosylated hemoglobin A;c. In the deep breathing test 
the subject breathed at a constant frequency of 6 cy- 
cles/min in the sitting position. The longest and shortest 
RR intervals during 3 consecutive cycles were measured 
with a digitizing table from a continuously recorded 
electrocardiogram (paper speed 50 mm/s), and heart 
rate variability was calculated as the difference between 
maximal and minimal heart rates (beats/min). Peak 
oxygen uptake during an incremental bicycle exer- 
cise test was measured by breath-by-breath technique. 
Mean arterial pressure was calculated as diastolic blood 
pressure plus 3 of pulse pressure measured supine after 
5 minutes at rest. Body mass index was calculated as 
weight/height squared. 

Treatment of diabetes during the study: Diabetic 
patients received basic diabetic education during the 
first 3 months after the baseline examination. During 
this phase all patients visited the outpatient clinic 2 
times (at baseline and after 6 weeks) and received gen- 
eral information on diabetes and dietary instructions 
consisting of a reduction in the intake of total energy, 
total fat and dietary cholesterol. At 3 months the dia- 
betic patients were randomly placed into 2 groups for 
the comparison of intensified dietary treatment and con- 
ventional treatment for the next 12-month period. For 
the purposes of the present report these 2 groups have 
been combined. All patients, except 3 patients at base- 
line and 5 patients at 15 months, were treated with diet 
alone. No patient was taking insulin treatment during 
the study. 

Statistical methods: The cross-sectional analyses 
(study 1) for continuous variables were performed by 2- 
tailed ¢ test or analysis of variance and covariance. For 
the longitudinal analyses (study 2), repeated measures 
analysis of variance and paired ¢ test were used. Pear- 
son’s correlation coefficients and multiple regression 
procedures were used to analyze linear correlations be- 


TABLE I Day-to-Day Variability of M-Mode and Doppler 
Echocardiographic Measurements (n = 10) 


Coefficient of 
Variation (%) 


Mean Difference 


Variable + SD 


Doppler echo. 
0.9 + 8.3 cm/s 
4.0 + 4.9 cm/s 
—0.09 + 0.15 
0.3 + 1.6cm 
0.4 + 0.7 cm 
—0.06 + 0.35 
—0.1 + 0.4 
stroke volume/s 
1+ 5% 
-9+9ms 
0.1 + 0.7 cm/s? 
12 + 28 ms 
M-mode echo 
Left atrial dimension 
LV end-diastolic dimension 
LV end-systolic dimension 
Interventricular septal thick- 
ness 
LV posterior wall thickness 
LV mass 
Fractional shortening 


0.3 + 3.1mm 
—1.3 + 3.6 mm 
—1.5 + 2.9 mm 
0.02 + 1.15 mm 


0.14 + 1.17 mm 
-6 + 27g 
15+ 3.6% 


A = peak late (atrial) velocity of LV filling; AHT = acceleration halftime of early peak 
flow velocity; Ai = time-velocity integral of late LV filling; DHT = deceleration halftime 
of early peak flow velocity; E = peak flow velocity of early LV filling; echo. = 
echocardiography; EF slope = deceleration rate of early peak filling; Ei = time-velocity 
integral of early LV filling; LV = left ventricular; 1/3 FF = percentage of LV filling during 
first 1/3 of diastole; PFR = peak filling rate normalized to mitral stroke volume. 





tween variables. Coefficient of variation was calculated 
as the standard deviation of the mean difference divided 
by the absolute mean of the 2 measurements multiplied 
by 100. Differences were considered to be statistically 
significant if the p value was <0.05. All results are ex- 
pressed as mean + standard error of the mean, except 
for the reproducibility of echocardiographic measure- 
ments (Table I), which is expressed as the mean differ- 
ence + standard deviation. Data were analyzed by using 
the SPSS/PC+ 3.1 statistical package (SPSS Inc., Chi- 
cago, Illinois). 


RESULTS 
Baseline characteristics: Diabetic patients were 4 to 
6 years younger, more obese and they had higher blood 


TABLE II Clinical Characteristics of Control and Diabetic Subjects 


Age (years) 

Body mass index (kg/m2) 27 +1 

Blood glucose (mmol/liter) BA t OS 

Glycosylated hemoglobin 5.9+0.3 
Alc (%) 

Heart rate (beats/min) 70+2 

Systolic blood pressure 131+4 
(mm Hg) 

Diastolic blood pressure 79 £3 
(mm Hg) 

Heart rate variability 15.2 


(beats/min) 





Women 


Diabetic 
(n = 26) 


Diabetic 
(n = 17) 


51 + lt 






31+1% 26 £2 
7.8 + 0.6t 4.9+0.3 9.1 + 1.0t 
9.0 + 0.4t 5.54 01 9.2 + 0.6ł 
70+2 69 +3 70+4 
141 + 3* 133 + 5 146+4 
86 +2 76+3 87.= 27 
2e 15+2 10+1 


*p <0.05; tp <0.01; łp <0.001 diabetic versus control subjects. 
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TABLE Ill Cardiac Dimensions and Systolic Function in Control and Diabetic Subjects 


Left atrial dimension (mm) 
(mm/m?) 


LV end-diastolic dimension (mm) 


(mm/m?) 


LV end-systolic dimension (mm) 


(mm/m?) 


Ventricular septal thickness (mm) 


(mm/m?) 


LV posterior wall thickness (mm) 


(mm/m?) 
LV mass (g/m?) 
Fractional shortening (%) 


Diabetic 
(n = 26)* 


Control 
(n = 13) 


34+2 

18+ 1 

53 +1 

28 +1 

35+1 

18 +1 
11.4+0.3 
6.0 + 0.1 
11.2+0.2 
5.9+0.1 
125+ 11 
34+2 


*For left ventricular dimensions n = 24. 
+For left ventricular dimensions n = 12. 
tp <0.05, §p <0.01, ||p <0.001 diabetic versus control subjects. 


LV = left ventricular. 


Control 
(n = 13)T 


Women 


Diabetic 
(n = 17) 


36+ 1§ 
19+1 
49+1 
26 + lt 
31+ tł 
17+0 
10.7 + 0.3] 
5.7 + 0.1t 
10.7 + 0.3} 
5.7 + 0.1t 
102 + 12§ 





TABLE IV Left Ventricular Filling Indexes in Control and Diabetic Subjects 


E (cm/s) 

A (cm/s) 

E/A ratio 

Ei (cm) 

Ai (cm) 

Ei/Ai ratio 

PFR (stroke volume/s) 


Adjusted value 
1/3 FF (%) 
AHT (ms) 
EF slope (cm/s?) 
Adjusted value 
DHT (ms) 
Adjusted value 


Men 


Diabetic 
(n = 26) 


Control 
(n = 13) 


49+2 
49+2 
1.03 + 0.06 
6:7 =.0.3 
4.2+0.2 
1.63 + 0.09 
4.4+0.1* 
(4.2) 
46+2 
63 + 3 
—3.1 + 0.3* 
(—2.8) 
99 + 5* 
(104) 


Women 


Control 
(n = 13) 


62 +4 
59+4 
1.08 + 0.08 
2 RE 
5.0+0.4 
1.50+ 0.11 
5.1 + 0.2 


Diabetic 
(n= 17) 


59+4 
553 
1.09 + 0.07 
6.9 + 0.6 
4.7+0.3 
1.53 + 0.14 
5.0 + 0.2 


*p <0.01, analysis of variance and covariance, age as a covariant; adjusted mean values for selected variables are shown 


in parentheses. 
Abbreviations as in Table I. 


pressure than control subjects (Table II). Therefore, ad- 
justed values were used for comparisons when appropri- 
ate. No significant differences were observed in LV sys- 
tolic function or absolute dimensions between diabetic 
and control men (Table III). In contrast, diabetic wom- 
en had increased LV wall thicknesses, and thus larger 
LV mass than control women (Table III). In addition, 
fractional shortening and LV end-diastolic dimension 
adjusted for body surface area were reduced in diabetic 
women when compared with control women. 

Of the diastolic Doppler filling indexes, only peak 
velocity of early filling, time-velocity integral of early 
filling, and acceleration halftime were not age-depen- 
dent in the whole study population (n = 69). Age was 
correlated strongest with time-velocity integral of late 
filling (r = 0.39, p 0.001), peak filling rate (r = 
—0.36, p <0.001), and ratio of peak early to late veloci- 
ties (r = 0.37, p <0.001). Body mass index was corre- 
lated with peak velocity of early filling (r = 0.28, p 
<0.01) and time-velocity integral of early filling (r = 





0.30, p <0.01). Mean arterial pressure showed only a 
weak correlation with percentage of LV filling during 
the first “ of diastole (r = —0.22, p <0.05). By using 
age as a covariant, diabetic men had lower peak filling 
rate, slower deceleration rate of early peak filling and 
prolonged deceleration halftime than control men (Ta- 
ble IV). This was observed also in diabetic men free of 
cardiovascular disease (data not shown). In women, no 
significant differences were observed between the dia- 
betic and healthy subjects. 

Follow-up study in diabetic men: Both short-term (0 
to 3 months) and long-term (0 to 15 months) changes in 
LV function and dimensions were evaluated. No signifi- 
cant changes were observed in body mass index during 
the study (Figure 2, open circles). Hemoglobin Aj, de- 
creased during the first 3 months and thereafter re- 
mained unchanged. During the whole 15-month period, 
mean decreases in heart rate, and systolic and diastolic 
blood pressures were 3 + 2 beats/min, and 4 + 4 and 3 
+ 2 mm Hg, respectively (no significant changes from 
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baseline). Peak oxygen uptake increased during the first 
3 months from 24 + 1 to 25 + 1 ml/min/kg (p <0.05) 
and remained thereafter unchanged. No change was ob- 
served in heart rate variability during the 15-month 
period. 

Fractional shortening increased from 30 + 2 to 34+ 
2% (change not significant) during the first 3 months, 
and it was 36 + 2% at 15 months (change from baseline 
p <0.05) (Figure 2). Peak filling rate was similar at 0 
and 3 months (4.3 + 0.1 vs 4.3 + 0.2 stroke volume/s) 
but increased during the next 12 months to 4.8 + 0.2 
stroke volume/s (change from baseline p <0.05). Simi- 
larly, deceleration rate of early peak filling showed no 
significant change during the first 3 months (—2.8 + 
0.2 vs —3.3 + 0.3 cm/s?) but was steeper at 15 months 
(—3.8 + 0.3 cm/s?) than at baseline (p <0.01). Per- 
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FIGURE 2. Changes in body mass index (BMI), glycosylated 
hemoglobin A;, (HGA;,), fractional shortening (FS), ratio of 
early to late peak flow velocities (E/A) and peak filling rate 
normalized to mitral stroke volume (PFR) in diabetic men 

(n = 23; open circles) and in diabetic women (n = 15; black 
circles) during the entire 15-month study period. *p <0.05, 
**p <0.01, ***p <0.001; change from baseline. 





centage of LV filling during first “3 of diastole increased 
during the first 3 months (45 + 2 vs 51 + 2%, p <0.01) 
and was larger at 15 months than at baseline (52 + 3%, 
p <0.01). No statistically significant changes occurred 
in the ratio of early to late peak flow velocities (Figure 
2). 

LV end-diastolic dimension was 56 + 2 mm at base- 
line and at 3 months, and 54 + 2 mm at 15 months 
(change from baseline, p <0.05). Ventricular septal 
thickness was 11.1 + 0.2 mm at baseline, 10.8 + 0.2 
mm at 3 months, and 11.7 + 0.3 mm at 15 months 
(change from baseline, p <0.01). The corresponding 
values for posterior wall thickness were 10.8 + 0.2, 11.1 
+ 0.2, 12.0 + 0.2 mm (p $0.001). LV mass remained 
unchanged. Table V shows changes in LV function and 
dimensions in diabetic men free of cardiovascular dis- 
ease and in those with cardiovascular disease. The trend 
of changes was similar in most of the variables in both 
groups. 

The increase in peak oxygen uptake, the decline in 
hemoglobin Aic and the improvement in fractional 
shortening were not directly correlated with each other 
in univariate or multivariate analyses, although they 
showed concomitant changes. Peak filling rate and 
heart rate variability were linearly correlated at 15 
months (Figure 3), but not at 0 or 3 months. Peak fill- 
ing rate also showed an inverse correlation with ventric- 
ular septal (r = —0.51, p <0.01) and posterior (r = 
—0.44, p <0.05) wall thicknesses at 15 months. When 
diabetic men were divided into 2 groups according to 
the median value of heart rate variability, the difference 
in peak filling rate between those men with high and 
low heart rate variability (5.4 + 0.2 vs 4.2 + 0.2 stroke 
volume/s, p <0.001) remained significant even when 


TABLE V Left Ventricular Dimensions and Function in Diabetic 
Men With and Without Cardiovascular Disease at Baseline (0 
months) and at End of Follow-Up (15 months) 


No CVD 
(n= 12)* 


With CVD 
(n = 14) 


Time 
(mos) 


LV end-diastolic 
dimension (mm) 

38 +1 
36% LT 
11.0+0.3 
11.6+0.4 
10.4 + 0.2 
11.8 + 0.3¢ 

rR ie Ae 
121+6 
Fractional Sate 
shortening (%) 38 +2 
E/A 0.97 + 0.07 
1.08 + 0.06 
43+0.2 
4.8 + 0.2 
—2.6 + 0.2 
—3.1 + 0.4ł 
105 + 7 
95 + 7 


LV end-systolic 
dimension (mm) 
Ventricular 
septal thickness (mm) 11.9 + 0.4f 
11.2 «0.3 
11.9 + 0.4t 
132 + 18 
134+ 13 
29 £3 
34 t3 
1.06 + 0.12 
1.19: 0.11 
4.3 + 0.2 
48+0.3 
—3.1+0.4 
-3.9 + 0.4 
99 +7 
90+5 


LV posterior wall 
thickness (mm) 


LV mass (g/m2) 


PFR (stroke volume/s) 
EF slope (cm/s?) 


DHT (ms) 


*For left ventricular dimensions (n = 11). 
tp <0.05; tp <0.001; change to baseline. 
CVD = cardiovascular disease; other abbreviations as in Table |. 
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age, LV wall thickness, hemoglobin Aic, body mass in- 
dex and the presence or absence of cardiovascular dis- 
ease were used as covariates (p <0.05). 

In the subsequent analyses, the relation between 
heart rate variability and LV wall thickness was consid- 
ered. At 15 months, ventricular septal (r = —0.76, p 
<0.001) and posterior wall (r = —0.63, p <0.001) 
thicknesses were inversely correlated with heart rate 
variability (Figure 4). This association was also ob- 
served at 0 and 3 months. When the men were classified 
into 2 groups according to the median value of septal 
and posterior wall thicknesses at 15 months, those with 
a thin septum had higher heart rate variability than 
those with a thick septum (15 + 2 vs 7 + 1 beats/min, 
p <0.01). The corresponding figures for the men with a 
thin or thick posterior wall were 14 + 2 vs 8 + 1 beats/ 
min (p <0.01). When the effect of age, hemoglobin Aj, 
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body mass index, blood pressure and the presence or 
absence of cardiovascular disease was controlled by us- 
ing them as covariates, the relation between wall thick- 
ness and heart rate variability remained significant with 
respect to septum (p <0.01) and posterior wall (p 
<0.01). 

Follow-up study in diabetic women: Body mass in- 
dex decreased during the first 3 months and remained 
reduced also at 15 months (Figure 2, black circles). He- 
moglobin A, decreased steadily throughout the study. 
During the entire 15-month period, mean decreases 
in heart rate and systolic and diastolic blood pres- 
sures were 5 + 3 beats/min, and 3 + 5 and 2 + 2 mm 
Hg, respectively (no significant changes from baseline). 
Peak oxygen uptake showed a slight increase during the 
15-month follow-up (17 + 1 vs 18 + 1 ml/kg/min, p 
<0.01). During the first 3 months, heart rate variability 


FIGURE 3. The relation between peak filling 
rate normalized to mitral stroke volume and 
heart rate variability at the end of the study in 
diabetic men free of cardiovascular diseases 
(open circles; r = 0.56, p <0.05; n = 12), and 
in diabetic men with cardiovascular diseases 
(black circles; r = 0.70, p <0.01; n= 11). 
Linear regression line with 95% confidence 
intervals are shown for the whole group 

(r = 0.61, p <0.001). 


24 28 
Heart rate variability (beats/min) 


FIGURE 4. The relation between heart rate 
variability and left ventricular wall thickness 
(sum of septal and posterior wall thicknesses) 
at the end of the study in diabetic men free 
of cardiovascular diseases (open circles; 

r = —0.76, p <0.01; n = 12), and in diabetic 
men with cardiovascular diseases (black cir- 
cles; r = —0.70, p <0.01; n = 11). Linear re- 
gression line with 95% confidence intervals 
are shown for the whole group (r = 0.74, p 
<0.001),. 


Heart rate variability (beats/min) 
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increased (10 + 1 vs 14 + 2 beats/min, p <0.05) and at 
15 months was 13 + 2 beats/min (no significant change 
from baseline). 

Fractional shortening increased during the first 3 
months (34 + 1 vs 39 + 2%, p <0.01) and was higher 
at 15 months (38 + 1%, p <0.05) than at baseline (Fig- 
ure 2). No significant changes were observed in Doppler 
indexes, except a slight increase in time-velocity integral 
of early filling between 0 and 15 months (7.1 + 2.8 vs 
8.0 + 2.0 cm, p <0.05). LV end-diastolic dimension, 
LV wall thicknesses and LV mass remained unchanged 
throughout the study. 


DISCUSSION 

The present prospective study showed in patients 
with newly diagnosed NIDDM that LV systolic func- 
tion improves concomitantly with improving metabolic 
control in both men and women (Figure 2), but an im- 
provement in LV filling was found only in men who also 
had impaired LV filling at baseline. Autonomic nervous 
function measured as heart rate variability in men was 
closely correlated with LV filling (Figure 3). In addi- 
tion, LV wall thickness was inversely correlated with 
heart rate variability at the end of the study (Figure 4) 
independently of age, body mass index, blood pressure, 
metabolic control or cardiovascular diseases. In men, 
LV wall thicknesses increased despite blood pressure 
and body mass index showing a decreasing trend. 

Subjects: Diabetic patients were more obese than 
control subjects. This was accepted because obesity is a 
characteristic finding of NIDDM, and lean diabetic pa- 
tients may not be representative of the general diabetic 
population. Patients free of cardiovascular disease were 
selected by clinical history, resting electrocardiogram, 
and a maximal symptom-limited exercise test. It seems 
unlikely that myocardial perfusion scintigraphy would 
have enhanced the detection of myocardial ischemia.'? 
Among women, only a few were free of cardiovascular 
disease. 

Doppler and M-mode echocardiography: The coeffi- 
cients of variation for M-mode measurements were 
within the same range as earlier results,'4!> and con- 
firm sufficient reproducibility for long-term studies so 
far as mean group changes are considered. It is clear 
that neither invasive nor noninvasive indexes of diastolic 
function are independent of changes in heart rate, load- 
ing conditions or sympathetic tone.'®!’ To characterize 
the filling pattern in both diabetic and healthy subjects 
we used various Doppler indexes. The reproducibility 
results show that indexes related to the deceleration 
phase of early peak flow velocity have larger day-to-day 
variability than other indexes that compare well with 
previously published data.!8!? Although peak filling 
rate normalized to mitral stroke volume theoretically 
has an advantage over the other Doppler indexes be- 
cause it takes into account the volumetric flow through 
the mitral valve,'!:!* it is considered insensitive and 
strongly dependent on transmitral pressure gradient.!’ 

Systolic left ventricular function: Systolic LV func- 
tion improved in both diabetic men and women during 
the present study. Similar improvement has been found 


in some earlier studies on patients with newly diagnosed 
and long-lasting NIDDM.*° In experimental studies, 
complete reversibility or even supranormal performance 
of myocardial contractility has been reported to occur 
with long-term insulin therapy.” In some studies, these 
changes have been paralleled by changes in contractile 
proteins. ! 

Left ventricular filling: Previously, only 1 study has 
shown some improvement in diastolic function (mitral 
valve closure rate) in patients with NIDDM.° In the 
present study, diabetic men had a significant increase in 
LV filling rate, but this improvement might have been 
slower than the improvement in systolic function. The 
differences between diabetic and control men at base- 
line and the changes in LV filling in diabetic men dur- 
ing follow-up were found in the early filling phase. Sim- 
ilar filling abnormality is frequently found in patients 
with impaired myocardial relaxation.'®!’ In experimen- 
tal diabetes, impaired myocardial relaxation has been 
related to diminished calcium ion transport, whereas de- 
creased compliance is related to increased interstitial 
connective tissue.'?° In the present study, LV wall 
thickness had no independent impact on abnormal LV 
filling. Peak filling rate was correlated with heart rate 
variability at the end of the follow-up. This is in agree- 
ment with data obtained from human studies on phar- 
macologic autonomic nervous blockade, and suggests 
that autonomic dysfunction contributes to abnormal LV 
relaxation in diabetes.?! -3 Abnormal LV filling has 
been previously related to autonomic neuropathy only 
in long-term diabetes.8?4?5 However, subclinical auto- 
nomic dysfunction is frequently found in patients with 
NIDDM soon after the diagnosis of diabetes.*°’ 

Left ventricular dimensions: [n some studies, diabet- 
ic patients in general or diabetic women have had 
thicker LV walls than healthy subjects®**; this was 
also observed in diabetic women in this study. However, 
these women were mostly hypertensive and more obese 
than control women. Diabetic women also had reduced 
LV end-diastolic dimension suggestive of restrictive pa- 
thology,” which could explain in part the difference in 
LV filling characteristics between diabetic men and 
women. 

Diabetic men had a small increase in LV wall thick- 
nesses during follow-up. This was observed irrespective 
of the presence or absence of coexisting cardiovascular 
diseases and was unrelated to blood pressure or body 
mass index, which even decreased during follow-up. It 
can be speculated that untreated diabetes may have in- 
duced a catabolic state and concomitant myocardial 
protein loss. After hyperglycemia was corrected, myo- 
cardial muscle mass may have built up again. In animal 
studies, interstitial connective tissue increased in allox- 
an-induced diabetic dogs within 1 year,*° but this is not 
likely to be the cause of the increase in LV wall thick- 
ness in the present study owing to concomitant improve- 
ment in LV function. 

Interestingly, increased LV wall thickness was relat- 
ed to low heart rate variability throughout the study, 
the association being strongest at the end of the follow- 
up. This novel finding could not be accounted for by 


NON-INSULIN-DEPENDENT DIABETES MELLITUS 377 


age, blood pressure, body mass index or presence or ab- 
sence of cardiovascular diseases. This relation is inter- 
esting with respect to the development of LV hypertro- 
phy in systemic arterial hypertension, and thus warrants 
further larger scale studies. 
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A dihydropyridine calcium channel blocker 
for mild-to-moderate hypertension 


Once-a-day 
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CONTRAINDICATIONS: PLENDIL is contraindicated in pa- 
tients who are hypersensitive to this product. 


PRECAUTIONS: General: Hypotension: Felodipine, like 
other calcium antagonists, may occasionally precipitate sig- 
nificant hypotension and rarely syncope. It may lead to reflex 
tachycardia which in susceptible individuals may precipitate 
angina pectoris. (See ADVERSE REACTIONS.) 


Heart Failure: Although acute hemodynamic studies in a 
small number of patients with NYHA Class Il or Ill heart failure 
treated with felodipine have not demonstrated negative ino- 
tropic effects, safety in patients with heart failure has not 
been established. Caution therefore should be exercised 
when using PLENDIL in patients with heart failure or compro- 
mised ventricular function, particularly in combination with a 
beta blocker. 


Elderly Patients or Patients with Impaired Liver Function: 
Patients over 65 years of age or patients with impaired liver 
function may have elevated plasma concentrations of felodi- 
pine and may therefore respond to lower doses of PLENDIL. 
These patients should have their blood pressure monitored 
closely during dosage adjustment of PLENDIL and should 
rarely require doses above 10 mg. (See CLINICAL PHARMA- 
COLOGY and DOSAGE AND ADMINISTRATION.) 


Peripheral Edema: Peripheral edema, generally mild and 
not associated with generalized fluid retention, was the most 
common adverse event in the clinical trials. The incidence of 
peripheral edema was both dose- and age-dependent. Fre- 
quency of peripheral edema ranged from about 10 percent in 
patients under 50 years of age taking 5 mg daily to about 30 
percent in those over 60 years of age taking 20 mg daily. This 
adverse effect generally occurs within 2-3 weeks of the initia- 
tion of treatment. 


information for Patients: Patients should be instructed to 
take PLENDIL whole and not to crush or chew the tablets. 
They should be told that mild gingival hyperplasia (gum 
swelling) has been reported. Good dental hygiene de- 
creases its incidence and severity. 


NOTE: As with many other drugs, certain advice to patients 
being treated with PLENDIL is warranted. This information is 
intended to aid in the safe and effective use of this medica- 
tion. It is not a disclosure of all possible adverse or intended 
effects. 


Drug Interactions: Beta-Blocking Agents: A pharmaco- 
kinetic study of felodipine in conjunction with metoprolol 
demonstrated no significant effects on the pharmaco- 
kinetics of felodipine. The AUC and Cra of metoprolol, how- 
ever, were increased approximately 31 and 38 percent, 
respectively. In controlled clinical trials, however, beta-block- 
ers including metoprolol were concurrently administered 
with felodipine and were well tolerated. 

Cimetidine: |In healthy subjects pharmacokinetic studies 
showed an approximately 50 percent increase in the area un- 
der the plasma concentration time curve (AUC) as well as the 
Cra Of felodipine when given concomitantly with cimetidine. 
itis anticipated that a clinically significant interaction may oc- 
cur in some hypertensive patients. Therefore, it is recom- 
mended that low doses of PLENDIL be used when given 
concomitantly with cimetidine. 

Digoxin: When given concomitantly with felodipine the peak 
plasma concentration of digoxin was significantly increased. 
There was, however, no significant change in the AUC 
of digoxin. 

Other Concomitant Therapy: |n healthy subjects there 
were no Clinically significant interactions when felodipine 
was given concomitantly with indomethacin or spironolac- 
tone. 


Interaction with Food: See CLINICAL PHARMACOLOGY, 
Pharmacokinetics and Metabolism. 


Carcinogenesis, Mutagenesis, impairment of Fertility: In 
a two-year carcinogenicity study in rats fed felodipine at 
doses of 77, 23.1 or 69.3 mg/kg/day (up to 28 times® the maxi- 
mum recommended human dose on a mg/m’ basis), a dose- 
related increase in the incidence of benign interstitial cell 
tumors of the testes (Leydig cell tumors) was observed in 
treated male rats. These tumors were not observed in a simi- 
lar study in mice at doses up to 138.6 mg/kg/day (28° times 
the maximum recommended human dose on a mg/m? basis). 
Felodipine, at the doses employed in the two-year rat study, 
has been shown to lower testicular testosterone and to pro- 
duce acorresponding increase in serum luteinizing hormone 
in rats. The Leydig cell tumor development is possibly sec- 
ondary to these hormonal effects which have not been ob- 
served in man. 

In this same rat study a dose-related increase in the inci- 
dence of focal squamous cell hyperplasia compared to con- 
trol was observed in the esophageal groove of male and 


"Based on patient weight of 50 kg 


female rats in all dose groups. No other drug-related esopha- 
geal or gastric pathology was observed in the rats or with 
chronic administration in mice and dogs. The latter species. 
like man, has no anatomical structure comparable to the 
esophageal groove. 

Felodipine was not carcinogenic when fed to mice at 
doses of up to 138.6 mg/kg/day (28 times* the maximum rec- 
ommended human dose on a mg/m? basis) for periods of up 
to 80 weeks in males and 99 weeks in females. 

Felodipine did not display any mutagenic activity in vitro 
in the Ames microbial mutagenicity test or in the mouse lym- 
phoma forward mutation assay. No clastogenic potential was 
seen in vivo in the mouse micronucleus test at oral doses up 
to 2500 mg/kg (506 times* the maximum recommended hu- 
man dose on a mg/m’ basis) or in vitro in a human lympho- 
cyte chromosome aberration assay. 

A fertility study in which male and female rats were ad- 
ministered doses of 3.8, 9.6 or 26.9 mg/kg/day showed no 
significant effect of felodipine on reproductive performance. 


Pregnancy: Pregnancy Category C: Jeratogenic Effects 
Studies in pregnant rabbits administered doses of 0.46, 1.2. 
2.3. and 4.6 mg/kg/day (from 0.4 to 4 times* the maximum rec- 
ommended human dose on a mg/m’ basis) showed digital 
anomalies consisting of reduction in size and degree of ossi- 
fication of the terminal phalanges in the fetuses. The fre- 
quency and severity of the changes appeared dose-related 
and were noted even at the lowest dose. These changes 
have been shown to occur with other members of the dihy- 
dropyridine class and are possibly a result of compromised 
uterine blood flow. Similar fetal anomalies were not observed 
in rats given felodipine. 

In a teratology study in cynomolgus monkeys no reduc- 
tion in the size of the terminal phalanges was observed but an 
abnormal position of the distal phalanges was noted in about 
40 percent of the fetuses. 


Nonteratogenic Effects: A prolongation of parturition with dif- 
ficult labor and an increased frequency of fetal and early 
postnatal deaths were observed in rats administered doses 
of 9.6 mg/kg/day (4 times* the maximum human dose on a 
mg/m? basis) and above. 

Significant enlargement of the mammary glands in ex- 
cess of the normal enlargement for pregnant rabbits was 
found with doses greater than or equal to 1.2 mg/kg/day 
(equal to the maximum human dose on a mg/m? basis). This 
effect occurred only in pregnant rabbits and regressed dur- 
ing lactation. Similar changes in the mammary glands were 
not observed in rats or monkeys. 

There are no adequate and well-controlled studies in 
pregnant women, If felodipine is used during pregnancy, or if 
the patient becomes pregnant while taking this drug, she 
should be apprised of the potential hazard to the fetus, possi- 
ble digital anomalies of the infant, and the potential effects of 
felodipine on labor and delivery, and on the mammary 
glands of pregnant females. 


Nursing Mothers: It is not known whether this drug is se- 
creted in human milk and because of the potential for serious 
adverse reactions from felodipine in the infant, a decision 
should be made whether to discontinue nursing or to discon- 
tinue the drug, taking into account the importance of the drug 
to the mother. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS: In controlled studies in the United 
States and overseas approximately 3000 patients were 
treated with felodipine as either the extended-release or the 
immediate-release formulation. 

The most common Clinical adverse experiences re- 
ported with PLENDIL® (Felodipine. MSD) administered as 
monotherapy in all settings and with all dosage forms of felo- 
dipine were peripheral edema and headache. Peripheral 
edema was generally mild, but it was age- and dose-related 
and resulted in discontinuation of therapy in about 4 percent 
of the enrolled patients. Discontinuation of therapy due to any 
clinical adverse experience occurred in about 9 percent of 
the patients receiving PLENDIL, principally for peripheral 
edema, headache, or flushing. 

Adverse experiences that occurred with an incidence of 
1.5 percent or greater during monotherapy with PLENDIL 
without regard to causality are compared to placebo in the 
table below. 


Percent of Patients with Adverse Effects in Controlled 
Trials of PLENDIL as Monotherapy (Incidence of 
discontinuations shown in parentheses) 


PLENDIL% Placebo % 


Adverse Effect N=730 N=283 
Peripheral Edema 22.3 (4.2) 35 
Headache 18.6 (2.1) 10.6 
Flushing 6.4 (1.0) 1.1 
Dizziness 5.8 (0.8) 3.2 
Upper Respiratory. Infection 5.5 (0.1) 11 
Asthenia 4.7 (0.1) 2.8 
Cough 2.9 (0.0) 0.4 
Paresthesia 2.5 (0.1) 1.8 
Dyspepsia 2.3 (0.0) 1.4 
Chest Pain 2.1 (0.1) 1.4 
Nausea 1.9 (0.8) 1.1 
Muscle Cramps 1.9 (0.0) 1.1 
Palpitation 1.8 (0.5) 2.5 
Abdominal Pain 1.8 (0.3) 1.1 
Constipation 1.6 (0.1) 1.1 
Diarrhea 1.6 (0.1) 1.1 
Pharyngitis 1.6 (0.0) 0.4 
Rhinorrhea 1.6 (0.0) 0.0 
Back Pain 1.6 (0.0) j 
Rash 1.5 (0.1) 1.1 
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In the two dose response studies using PLENDIL® (Felodi- 
pine, MSD) as monotherapy, the following table describes 
the incidence (percent) of adverse experiences that were 
dose-related: 


Placebo 5.0mg 10.0mg 20mg 


Adverse Effect N=121 N=72 N=123 N=50 
Peripheral Edema 2.5 13.9 19.5 36.0 
Palpitation 0.8 0.0 2.4 12.0 
Headache 12.4 a la 18.7 28.0 
Flushing 0.0 2.8 81 20.0 


In addition, adverse experiences that occurred in 0.5 up to 
1.5 percent of patients who received PLENDIL in all con- 
trolled clinical studies (listed in order of decreasing severity 
within each category) and serious adverse events that oc- 
curred at a lower rate or were found during marketing experi- 
ence (those lower rate events are in italics) were: Body as a 
Whole: Facial edema, warm sensation, Cardiovascular: 
Tachycardia, myocardial infarction, hypotension, syncope, 
angina pectoris, arrhythmia: Digestive: Vomiting, dry mouth, 
flatulence; Hematologic: Anemia; Musculoskeletal: Arthral- 
gia, arm pain, knee pain. leg pain, foot pain, hip pain, myal- 
gia; Nervous/Psychiatric: Depression, anxiety disorders, 
insomnia, irritability, nervousness. somnolence; Respira- 
tory: Bronchitis, influenza, sinusitis, dyspnea, epistaxis, res- 
piratory infection, sneezing; Skin: Contusion, erythema, 
urticaria; Urogenital: Decreased libido, impotence, urinary 
frequency, urinary urgency, dysuria. 

Felodipine, as an immediate release formulation, has 
also been studied as monotherapy in 680 patients with hy- 
pertension in U.S. and overseas controlled clinical studies 
Other adverse experiences not listed above and with an inci- 
dence of 0.5 percent or greater include: Boay as a Whole: 
Fatigue; Digestive: Gastrointestinal pain; Musculoskeletal: 
Arthritis, local weakness, neck pain, shoulder pain, ankle 
pain; Nervous/Psychiatric: Tremor; Respi. atory: Rhinitis: 
Skin: Hyperhidrosis, pruritus; Special Senses: Blurred vision, 
tinnitus; Urogenital: Nocturia. 


Gingival Hyperplasia: Gingival hyperplasia, usually mild, 
occurred in <0.5 percent of patients in controlled studies. 
This condition may be avoided or may regress with improved 
dental hygiene. (See PRECAUTIONS, /nformation for 
Patients.) 


Clinical Laboratory Test Findings: Serum Electrolytes: 
No significant effects on serum electrolytes were observed 
during short- and long-term therapy (see CLINICAL PHAR- 
MACOLOGY, Renal/Endocrine Effects). 


Serum Glucose: No significant effects on fasting serum glu- 
cose were observed in patients treated with PLENDIL in the 
U.S. controlled'study. 


Liver Enzymes: One of two episodes of elevated serum trans- 
aminases decreased once drug was discontinued in clini- 
cal studies; no follow-up was available for the other patient. 


OVERDOSAGE: Oral doses of 240 mg/kg and 264 mg/kg in 
male and female mice, respectively, and 2390 mg/kg and 
2250 mg/kg in male and female rats, respectively, caused 
significant lethality. 

In a suicide attempt, one patient took 150 mg felodipine 
together with 15 tablets each of atenolol and spironolactone 
and 20 tablets of nitrazepam. The patient's blood pressure and 
heart rate were normal on admission to hospital; he sub- 
sequently recovered without significant sequelae. 

Overdosage might be expected to cause excessive pe- 
ripheral vasodilation with marked hypotension and possibly 
bradycardia. 

If severe hypotension occurs, symptomatic treatment 
should be instituted. The patient should be placed supine 
with the legs elevated. The administration of intravenous flu- 
ids may be useful to treat hypotension due to overdosage 
with calcium antagonists. In case of accompanying brady- 
cardia, atropine (0.5-1 mg) should be administered intrave- 
nously. Sympathomimetic drugs may also be given if the 
physician feels they are warranted. 

It has not been established whether felodipine can be re- 
moved from the circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: The recommended ini- 
tial dose is 5 mg once a day. Therapy should be adjusted in- 
dividually according to patient response, generally at 
intervals of not less than two weeks. The usual dosage range 
is 5-10 mg once daily. The maximum recommended daily 
dose is 20 mg once a day. That dose in clinical trials showed 
an increased blood pressure response but a large increase 
in the rate of peripheral edema and other vasodilatory ad- 
verse events (see ADVERSE REACTIONS). Modification of 
the recommended dosage is usually not required in patients 
with renal impairment. 

PLENDIL should be swallowed whole and not crushed 
or chewed. 


Use in the Elderly or Patients with Impaired Liver Function: 
Patients over 65 years of age or patients with impaired liver 
function, because they may develop higher plasma con- 
centrations of felodipine, should have their blood pressure 
monitored closely during dosage adjustment (see PRE- 
CAUTIONS). In general, doses above 10 mg should not be 
considered in these patients. 
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Three-Dimensional Reconstruction of Human 
Carotid Arteries from Images Obtained During 
Noninvasive B-Mode Ultrasound Examination 


Kenneth Rosenfield, MD, Paul Boffetti, MD, Jenifer Kaufman, BS, Robert Weinstein, MD, 
Syed Razvi, MD, and Jeffrey M. Isner, MD 


Previous investigators have demonstrated that B- 


mode ultrasonography can provide high resolution 
images of the carotid arteries. When combined 
with Doppler flow measurements, quantitative es- 
timates of luminal narrowing may also be ob- 
tained. B-mode imaging is limited, however, in its 
ability to provide a composite view of the vessel 
wall, lumen and plaque. Spatial relations between 
structures visualized in individual frames must be 
inferred from repeated transducer passes over the 
designated site, or repeated review of recorded 
images, followed by a “‘mind’s eye” reconstruc- 
tion. Three-dimensional (3-D) reconstruction of se- 
rially recorded cross-sectional images from cur- 
rent B-mode systems represents a possible solu- 
tion to this limited spatial display that preserves 
detail regarding vessel wall pathology. According- 
ly, computer-based automated 3-D reconstruction 
was used to generate a tangible format with which 
to assess and compare serially and transcutan- 
eously recorded 2-dimensional (2-D) B-mode im- 
ages of the carotid arteries. One or more timed 
sweep recordings of the 2-D B-mode examination 
were obtained from 5 patients for 3-D reconstruc- 
tion. In all cases, satisfactory 3-D reconstruction 
was accomplished in three 3-D formats: cylindri- 
cal, sagittal and lumen cast. Sagittal 3-D recon- 
struction provided information regarding patho- 
logic alterations within the arterial wall. Experi- 
ence with the cylindrical mode suggests that this 
3-D format, particularly when the reconstructed 
vascular segment is hemisected, is optimally suit- 
ed for those cases in which direct inspection of lu- 
minal topography is of special interest. The lumen 
cast display, used with a recently validated edge- 
detection algorithm, may enhance the use of B- 
mode ultrasound for assessment of luminal cross- 
sectional area. This preliminary experience sug- 
gests that 3-D reconstruction may supplement in a 
meaningful way noninvasively recorded conven- 
tional B-mode images of the extracranial vascula- 
ture. (Am J Cardiol 1992;70:379-384) 
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tery imaging, including 2-dimensional (2-D) ul- 

trasound imaging (B mode) and duplex scan- 
ning, provide high-resolution images of the vessel wall 
and lumen, and accurately assess the hemodynamic sig- 
nificance of these lesions.! B-mode imaging is limited, 
however, in that it requires the operator to reconstruct a 
composite view of the vessel in the mind’s eye. For ex- 
ample, although each individual image frame may de- 
pict a highly detailed representation of plaque morphol- 
ogy in the arterial wall or lumen, the spatial relation of 
abnormalities at one site to adjacent or distant sites can- 
not be displayed in a single image. When viewing the 
vessel in short-axis (cross-sectional) orientation, the im- 
age fails to depict the longitudinal dimensions of the 
plaque or other morphologic finding; in long-axis (longi- 
tudinal) orientation, the circumferential distribution of 
the plaque cannot be displayed in the same image. An- 
giography preserves the advantage of displaying and 
comparing each segment in longitudinal relation to ad- 
jacent and more distant segments. Details regarding 
the circumferential distribution of the plaque, however, 
are limited by the small number of orthogonal angles 
recorded. Previous investigations have furthermore doc- 
umented that angiography is suboptimal for identifying 
morphologic characteristics of the vessel wall and 
plaque.” Three-dimensional (3-D) reconstruction of se- 
rially recorded cross-sectional images from current B- 
mode systems represents a possible solution to this limit- 
ed spatial display that preserves detail regarding vessel 
wall pathology. Accordingly, computer-based automat- 
ed 3-D reconstruction was used to generate a tangible 
format with which to assess and compare serially re- 
corded 2-D B-mode images. 


Cer magi noninvasive methods for carotid ar- 


METHODS 

B-mode ultrasound examinations: [mages were ob- 
tained with a commercially available scanner (Bio- 
sound, Indianapolis, Indiana) with a nominal transducer 
frequency of 6.5 MHz, and nominal active diameter of 
8.0 mm. The probe was a Phasar 10 MHz phased annu- 
lar array with dual mode Doppler, 256 shades of gray, 
and <0.03 dB/shade resolution. 

Patients: Patients undergoing routine noninvasive 
examination for suspected carotid artery disease were 
asked to participate in this clinical investigation accord- 
ing to a protocol approved by the Human Investigations 
Review Committee at St. Elizabeth’s Hospital of Bos- 
ton. In addition, 2 normal control subjects were studied. 

Transducer manipulation: Routine duplex ultra- 
sound examination, during which the course of the ca- 
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TABLE I Clinical and B-Mode Findings in Current Series of Pa- 
tients 


Clinical 
History 


Age (yr) 


Pt. & Sex Duplex Findings 


NI volunteer Normal 
NI volunteer Normal 
TIA Left: > 80% stenosis of LICA 
with calcified ulcerated 
plaque 
Right: 70% stenosis of RICA 
Left: moderate stenosis due to 
irregular plaques of CCA and 
diffusely diseased LICA with 
75% stenosis 
Right: small calcified plaques of 
CCA; 60—65% stenosis of 
RICA 


Left: irregular calcified plaques 
of CCA bifurcation and LICA 


Right: 65% stenosis of the CB, 
large plaque at base of CCA, 
and irregular plaques of RICA 
without significant stenosis 

CCA = common carotid artery; CB = common carotid bulb; LICA = left internal 


carotid artery; NI = normal; RICA = right internal carotid artery; TIA = transient 
ischemic attack. 





rotid artery was plotted, was first performed in all pa- 
tients. After conventional B-mode inspection, a timed 
manual “sweep” of the transducer, moving at a slow, 
constant rate along the course of the carotid artery, was 
performed bilaterally for each patient. Typically, the 
transit time of the sweep was between 15 and 30 sec- 
onds. The patient was asked not to swallow during the 
sweep. 

imaging: Images were recorded on one-half inch vid- 
eotape. The ultrasound technician monitored the B- 
mode image on-line with a 9-inch monitor. Live audio 
input was used to narrate the video recording. Contrast 
was optimized for gray scale quality that permitted rec- 
ognition of structures within the vascular lumen and 
wall. Brightness was modulated as necessary to opti- 
mize the recorded image. 

Three-dimensional reconstruction: On completion 
of the manual sweep, the original tape recording was 
played back on a standard VHS tape deck; the VHS 
signal was fed into a network node (ImageComm Sys- 
tems, Sunnyvale, California), consisting of an 80486- 
based PC-AT with 16 megabytes of expanded memory 
and a commercial analog/digital converter. As the orig- 
inal tape was played back, images were acquired at a 
rate of approximately 8 frames per second and subse- 
quently digitally converted. Up to 128 individual frames 
could be stored in each image set. During acquisition a 
circular center point within the vessel lumen was identi- 
fied and marked. A second circular or elliptical region 
of interest that encompassed the outer vessel wall was 
also marked; the region between these 2 marks defined 
the area of image acquisition for 3-D reconstruction. 
The resulting image file (set of 128 images) was stored 
on a network file server from which it could be pro- 
cessed and analyzed. Once loaded, image sets could be 


viewed as a closed cine loop of 128 separate ultrasound 
images or in a tabloid format displaying all 128 frames. 

Algorithms*~ originally designed for analysis of im- 
ages recorded during intravascular ultrasound examina- 
tion” (Omniview, Pura Labs, Brea, California) were 
used to process the 2-D data for 3-D reconstruction. 
These algorithms are independent of the specific B- 
mode software or hardware (linear versus phased-array 
sector scanning), or both, used to record 2-D images. 
The specific approach used can be divided into 4 steps: 
(1) segmentation, (2) interpolation, (3) boundary for- 
mation, and (4) surface rendering. 

Segmentation refers to the process by which struc- 
tures of interest are identified according to a given gray 
scale scheme. Each voxel (volume element) in a 3-D 
scheme is classified as a member of either object or 
background. Using an interactive threshold scheme, a 
voxel is defined as a member of the object (e.g., vessel 
wall) if its density value lies between the minimal and 
maximal threshold values specified by the operator. 

Interpolation refers to the process required to inte- 
grate individually recorded 2-D slices when slice separa- 
tion otherwise exceeds pixel size within an individual 
slice. Linear interpolation of the input data between 
slices results in the formation of cubic voxels and pro- 
duces isotropic resolution. Each cubic voxel can be iden- 
tified as pointing toward —X, —Y, —Z, +X, +Y and 
+Z directions. 

Boundary encoding is achieved by considering for 
each voxel the 6 neighboring voxels that share a face 
with the voxel in question; a given voxel face is defined 
as a boundary element if its neighbor meets the speci- 
fied threshold conditions. 

In the program used in the present study (Sono- 
VIEW), the first 3 steps are combined into a single pro- 
cessing step that creates a boundary-encoded model. 
The surface rendering is then performed as a second 
step, with view position determined interactively under 
mouse control. The surface-rendering module combines 
hidden part removal, shading and antialiasing tech- 
niques described by Raya et al° to create a depiction of 
the 3-D image on the 2-D display screen. Certain modi- 
fications have been incorporated into the original soft- 
ware to improve efficiency and optimize performance 
for use with a personal computer. First, rendering is en- 
tirely driven by look-up tables, thus obviating the need 
for extensive computations. Second, the hidden-part re- 
moval is achieved by means of a Z-buffer algorithm. 
Finally, the shading method used, generally known as 
gray-scale shading, uses a customized encoding and de- 
coding mechanism. 

Three-dimensional image display: Reconstructed 
data sets were presented in cylindrical, sagittal or lumen 
cast orientation. Three-dimensional reconstructions 
were displayed on the SciView monitor, and images 
were manipulated using a standard computer mouse. 


RESULTS 

Patients: Data was acquired to perform 3-D recon- 
struction from B-mode ultrasound examinations in 5 pa- 
tients. Certain clinical data regarding the 5 patients in- 
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volved in the present investigation are summarized in 
Table I. 

In all cases, one or more timed sweep recordings of 
the 2-D examination were obtained for 3-D reconstruc- 
tion. In all cases, satisfactory 3-D reconstruction was 
accomplished. The recording and reconstructing of nor- 
mal and stenotic carotid segments are illustrated next. 

Reconstruction of normal carotid arterial segment: 
ACQUISITION OF B-MODE IMAGES: A representative short- 
axis view of a normal common carotid artery and sur- 
rounding structures, obtained from conventional B- 
mode scanning at a level near the base of the neck is 
seen in Figure la. A smooth manual sweep of the ultra- 
sound probe from the apex to base of the neck main- 
taining the probe perpendicular to the neck, was per- 
formed over 15 seconds. From this recorded sweep, a 
total of 128 individual ultrasound frames, similar to 
that depicted in Figure la, were acquired and converted 
into digital format by the acquisition node and stored in 
the fileserver node. The complete set of 128 2-D B- 
mode images acquired during this sweep was then re- 
viewed in a closed cine loop, or displayed in a tabloid 
format. Reconstructed data sets were represented in 
three 3-D formats: sagittal, lumen cast and cylindrical. 


ni ty Ver. i A Ec? ITA, Pura Labs, ine . 
Dats Sites ee ae 
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SAGITTAL THREE-DIMENSIONAL FORMAT: Sagittal 3-D 
reconstruction from each stored set of B-mode images 
yielded a series of longitudinally oriented representa- 
tions revolving about the long axis of the carotid artery 
(i.e., long axis of the neck). A reconstructed sagittal 
view of the left common carotid artery, obtained from 
B-mode sweep on a normal subject, is shown in Figure 
lb. With use of the manipulator function of the soft- 
ware, the vessel can be rotated around for viewing from 
unlimited angles. The number of sagittal planes that 
could be reconstructed from any given artery was un- 
limited. 

LUMEN CAST FORMAT: This format displays a 3-D cast 
of the vascular lumen (Figure 1c). The algorithm from 
which the lumen cast is generated estimates the shape 
of the lumen in each stored 2-D IVUS frame as follows: 
given the predetermined inner and outer boundaries 
(defined region of interest) and a threshold value for 
segmentation, the computer performs a constrained 
search for a valid boundary by projecting rays radially 
from the centroid of the inner boundary. The resulting 
radii are mapped as a function of angle theta and longi- 
tudinal axis “z”; the image (2-D plot) is called a z-theta 
map. The z-theta map is then processed using conven- 
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FIGURE 1. Reconstruction of normal carotid arterial segment (patient 1). a, representative short-axis view of normal common 
carotid artery and surrounding structures obtained from conventional B-mode scan at level near the base of the neck; b, recon- 
structed sagittal view of the left common carotid artery, obtained from B-mode sweep; c, 3-dimensional cast of vascular lumen; 
d, automated quantitative analysis of luminal cast illustrated in c using previously validated? software. Luminal cross-sectional 
area (Y axis) is plotted for the entire length of the arterial segment (X axis), from proximal (left) to distal (right) end of recon- 
structed segment. 
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tional image processing operations, including a 5 X 5 
median filter, to remove spurious radii. Subsequently, a 
context-based interpolation is performed to suppress 
dropout regions appearing as cracks in surface images 
of the vessel wall. A rendering algorithm then produces 
shaded 3-D images from this z-theta map. The rendered 
lumen cast can be manipulated for viewing in limitless 
angles. 

Furthermore, automated quantitative analysis of 
cross-sectional area can be performed using the lumen 
cast format.? As the lumen cast analysis is initiated, the 





FIGURE 2. Hemicylindrical view of artery shown in Figure 1 
(patient 1). The line hemisecting the carotid artery in Figure 
1a identifies 2 regions of interest for 3-dimensional recon- 
struction, the upper and lower halves of the artery. The result- 
ing composite reconstruction created from the region of inter- 
est above the line hemisecting the carotid artery is shown, 


<== origin IC 





FIGURE 3. Carotid angiogram of patient 3 showing high- 
grade stenosis (arrow) involving the left common carotid ar- 
tery (CC), bulb, and origin of internal carotid artery (IC). 

EC = external carotid artery. 
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StatVIEW display is calibrated so that each pixel repre- 
sents a certain distance from the image representation 
of the B-mode probe. Thus, as the automated edge-de- 
tection program establishes a pixel value for each radi- 
us, a simple conversion yields a cross-sectional area for 
a given z-theta map, which represents the lumen of the 
corresponding B-mode image. Automated determina- 
tions of serially stored images are then plotted as a 
function of the distance along the vessel (Figure 1d). 

CYLINDRICAL THREE-DIMENSIONAL FORMAT: For en 
bloc viewing, a specific region of interest was selected 
for reconstruction from each stored image set. The re- 
gion of interest could be defined to encompass the entire 
B-mode image or any portion thereof. When the region 
of interest is drawn to encircle the entire artery, an in- 
tact en bloc view is obtained. This cylindrical recon- 
struction may be viewed from other selected angles ob- 
tained by using the manipulator function to rotate and 
tilt the image. 

The option of identifying a particular region of inter- 
est for selective en bloc reconstruction was also used to 
“unroof” a vessel and thereby allow detailed inspection 
of the intimal surface. The line hemisecting the carotid 
artery in Figure la identifies 2 regions of interest for 3- 
D reconstruction, the upper and lower halves of the ar- 
tery. The resulting composite reconstruction created 
from the region of interest above the line hemisecting 
the carotid artery, manipulated to visualize the intimal 
surface, is shown in Figure 2. 

Reconstruction of atherosclerotic arterial segment: 
Three-dimensional reconstruction facilitated analysis of 
the longitudinal and circumferential distribution of ath- 
erosclerotic lesions. The carotid angiogram from patient 
3 (Table I) with a high-grade stenosis is seen in Figure 
3, and the corresponding reconstructed sagittal view of 
this same atherosclerotic carotid artery is seen in Figure 
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FIGURE 4. Reconstructed sagittal view of the atherosclerotic 
carotid artery illustrated angiographically in Figure 3 (patient 
3). Plaque is seen in the common carotid artery (CC), the bulb 
(B), and the origin of the internal carotid artery (IC). EC = ex- 
ternal carotid artery. 


AUGUST 1, 1992 


4. The reconstructed atherosclerotic artery of patient 5 
is shown in the sagittal format in Figure 5. Finally, a 
reconstructed portion of the carotid circulation recorded 
in patient 4 is displayed in the cylindrical format in Fig- 
ure 6. 


DISCUSSION 

Previous investigators have established that B-mode 
ultrasonography can provide high resolution images of 
the carotid arteries for qualitative analysis.' When com- 
bined with Doppler flow measurements, quantitative es- 
timates of luminal narrowing may also be obtained. B- 
mode imaging is limited, however, in its ability to pro- 
vide a composite view of the vessel wall, lumen or 
plaque. Spatial relations between structures visualized 
in individual frames must be inferred from repeated 
transducer passes over the designated site, or repeated 
review of recorded images, followed by a “mind’s eye” 
reconstruction. The findings in the present study indi- 
cate that noninvasively recorded B-mode ultrasound im- 
ages may be used to reconstruct a 3-D representation of 
the carotid artery and adjacent structures. 

Variations in the anatomy of neck vasculature are 
common, and can render interpretation of B-mode im- 
ages more difficult, even occasionally for the experi- 
enced operator. Depiction of the fully intact vascular 
anatomy, afforded by 3-D reconstruction, could con- 
ceivably facilitate identification of individual structures 
and vessels. As has been previously demonstrated in the 
composite images of coronary and peripheral arteries,’ 
3-D reconstruction may also facilitate definition of the 
circumferential and longitudinal disposition of plaque or 
associated morphologic abnormality. The fact that 3-D 
reconstruction can now be accomplished in real time!? 
(i.e., live) as the B-mode sweep is being performed, 
makes the application of 3-D reconstruction feasible 
and realistic for routine clinical applications. 

Histologic analyses performed previously in our lab- 
oratory! have documented that certain features of 
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FIGURE 5. Reconstructed atherosclerotic artery of patient 5 
shown here in the sagittal format. This particular view shows 
a moderate stenosis in the left common carotid artery (CC). 
IC = internal carotid artery. 


plaque morphology and composition may be accurately 
characterized by B-mode ultrasound. More complex ir- 
regularities in carotid pathology, however, remain sub- 
ject to misinterpretation due to difficulties in distin- 
guishing intraplaque hemorrhage from ulceration and 
minor surface irregularity from significant ulceration. !! 
Three-dimensional reconstruction of these vessels, by 
delineating adjacent structures in the arterial wall and 
providing a comprehensive depiction of both depth and 
surface, may allow more accurate definition of such 
subtle and complex pathology. 

Analysis of 3-D reconstructions recorded in this pre- 
liminary series of patients suggests that these images 
may supplement analysis of conventional 2-D images. 
Conventional B-mode systems, while preserving detailed 
anatomy of the arterial wall and lumen, are limited to 
serial display of 2-D tomographic images. In contrast, 
automated 3-D reconstruction offers a tangible format 
with which to assess and compare a “stacked” series of 
2-D images. The sagittal 3-D format offers the advan- 
tage of displaying the ultrasound data in a profile more 
familiar to the angiographer. Thus, by choosing a center 
of rotation within the carotid artery, views similar to an 
angiogram may be created. 

Whereas ultrasound data are presented in a format 
similar to angiography, sagittal reconstruction substan- 
tially augments information available from conventional 
angiography in 2 important ways: First, limitless or- 
thogonal views can be rendered by incremental rotation 
of the imaging plane about the chosen reference point. 
Given the documented importance of orthogonal views 
in the assessment of luminal narrowing on the one 
hand,!2 and the logistical factors that prevent the ob- 
taining of multiple orthogonal views on the other, this 
feature may ultimately prove to be the principal advan- 
tage of 3-D reconstruction. Second, in addition to the 
conventional angiographic assessment of surface fea- 
tures and diameter narrowing of the arterial lumen, sag- 
ittal 3-D reconstruction provides information regarding 





FIGURE 6. Diffusely diseased left internal carotid artery (IC) 
in patient 4. B = bulb; CC = common carotid artery; V = vein. 
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pathologic alterations within the arterial wall. Previous 
investigators have demonstrated that arteriography is 
suboptimal for identifying findings such as ulceration 
and hemorrhage.” Such alterations may be important 
in predicting adverse clinical outcomes. To the extent 
that B-mode ultrasound provides detailed imaging of 
morphologic abnormalities, 3-D reconstruction can aug- 
ment their spatial display and potentially contribute to 
analysis of their clinical impact. 

Experience with the cylindrical mode suggests that 
this 3-D format, particularly when the reconstructed 
vascular segment is hemisected, is best suited for cases 
in which direct inspection of luminal topography is of 
special interest. Ulcerated plaques, for example, may be 
optimally displayed in this format. While alternative 
technologies, such as magnetic resonance, are currently 
being investigated for similar applications, ultrasound- 
based 3-D reconstruction can be applied — in real 
time — to the traditional B-mode examination as it is 
being recorded, thus saving additional time and diag- 
nostic tests. 

The third format used in this study, the lumen cast 
display, was developed for the purpose of expediting re- 
view of residual luminal narrowing during on-line!? ap- 
plications of 3-D reconstruction. The accompanying 
automated edge-detection algorithm, recently validated 
in an atherosclerotic swine model,’ suggests that this 
mode of 3-D reconstruction may enhance the use of B- 
mode ultrasound for assessment of luminal cross-sec- 
tional area. 

Certain limitations of the present study must be ac- 
knowledged. First, it is apparent that the quality of the 
3-D reconstructions can only be as good as the original 
2-D B-mode images. Details that are absent from the 
original recordings will also be absent from the recon- 
structed images. In instances when calcific deposits, 
e.g., attenuate echoes from the subjacent plaque or wall, 
or both, these portions of the plaque and wall will not be 
incorporated into the reconstructed image. 

Second, the process of performing the transducer 
sweep along the course of the artery can be technically 
difficult. It requires that the technician move the trans- 
ducer at a constant slow rate, avoiding abrupt stops and 
jerking motions. At the same time, the artery must be 
kept in cross section with the center point of interest 
remaining at a relatively constant location on the real- 
time monitor. This is more challenging with tortuous 
vessels that course a considerable distance from superfi- 


cial to deep (near field to far field) on the monitor. This 
limitation was most notable during reconstruction in the 
lumen cast format. The cylindrical format was general- 
ly less affected by this issue, provided that a shorter 
segment of concentrated disease was isolated for recon- 
struction. The sagittal format was not subject to this 
limitation as long as the areas of interest included the 
course of the artery from near field to far field. Strate- 
gies for overcoming this limitation include reconstruct- 
ing shorter segments of interest, and technical improve- 
ments such as an automated pull-back mechanism de- 
sign to travel along a custom-fitting rail. 
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a-adrenergic stimulants, e.g., nasal decongestants used in OTC cold medicines and 
nasal drops. 

Clinical Laboratory Findings: SECTRAL, like other B-blockers has been associated 
with development of antinuclear antibodies (ANA). In prospective clinical trials, 
patients receiving SECTRAL had a dose-dependent increase in the development of 
positive ANA titers. Symptoms related to this laboratory abnormality were infrequent. 
Symptoms and ANA titers were reversible upon discontinuation of SECTRAL. 


Drug Interactions: Catecholamine-depleting drugs may have additive effects when 
given with B-blockers. Observe patients treated with both agents closely for evidence 
of marked bradycardia or hypotension which may present as vertigo, syncope/ 
presyncope, or orthostatic changes in blood pressure without compensatory 
tachycardia. Exaggerated hypertensive responses have been reported from use of 
B-adrenergic antagonists with a-adrenergic stimulants, including those in OTC cold 
remedies and vasoconstrictive nasal drops. Nonsteroidal anti-inflammatory drugs may 
blunt antihypertensive effects of beta-blockers. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Chronic oral toxicity studies 
in rats and mice, at doses 15 times the maximum recommended (60 kg) human dose, 
did not indicate carcinogenic potential for SECTRAL. Diacetolol, the major metabolite 
in man, was without carcinogenic potential in rats at doses up to 1800 mg/kg/d. 
SECTRAL and diacetolo! also had no mutagenic potential in the Ames Test. No 
significant impact on reproductive performance or fertility was found in rats following 
SECTRAL or diacetolol doses of up to 240 or 1000 mg/kg/d, respectively. 
Pregnancy: Teratogenic Effects: Pregnancy Category B: No teratogenic effects were 
seen in rat or rabbit reproduction studies utilizing SECTRAL doses that were, 
respectively, approximately 31.5 and 6.8 times the maximum recommended human 
dose. At this dose in the rabbit, slight fetal growth retardation was noted; this was 
considered to be a result of maternal toxicity (evidenced by reduced food intake, 
lowered rate of body weight gain, mortality). Diacetolol studies (doses up to 450 
mg/kg/d in rabbits and up to 1800 mg/kg/d in rats) showed no evidence of fetal harm 
other than a significant elevation in postimplantation loss with 450 mg/kg/d, a level at 
which food consumption and body weight gain were reduced in rabbit dams; there 
was a nonstatistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/d. There are no adequate and well- 
controlled trials in pregnant women; SECTRAL should be used during pregnancy only 
if potential benefit justifies risk to the fetus. 

Nonteratogenic Effects: Human studies indicate that acebutolol and diacetolol cross 
the placenta. Neonates of mothers who received acebutolol during pregnancy have 
reduced birth weight, decreased blood pressure, and decreased heart rate. 

Labor and Delivery: Effect on labor and delivery in pregnant women is unknown. 
Animal studies have shown no effect of SECTRAL on the usual course of labor and 
delivery. 

Nursing Mothers: Acebutolol and diacetolo! appear in breast milk (milk: plasma ratio 
of 7.1 and 12.2, respectively). Use in nursing mothers is not recommended. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. 
Most adverse effects have been mild, not required therapy discontinuation, and 
tended to decrease as treatment duration increases. 

The incidence of treatment-related side effects (volunteered and elicited) derived 
from U.S. controlled clinical trials in patients with hypertension, angina and arrhythmia 
follows. Numbers represent percentage incidence for SECTRAL (N =1002) versus 
placebo (N=314), respectively. 

Cardiovascular: Chest pain 2%, 1%; Edema 2%, 1%. CNS: Depression 2%, 1%; 
Dizziness 6%, 2%. Fatigue 11%, 4%; Headache 6%, 4%; Insomnia 3%, 1%; Abnormal 
dreams 2%, 1%. Dermatologic: Rash 2%, 1%. Gastrointestinal: Constipation 4%, 0%; 
Diarrhea 4%, 1%; Dyspepsia 4%, 1%; Flatulence 3%, 1%; Nausea 4%, 0%. 
Genitourinary: Micturition (frequency) 3%, <1%. Musculoskeletal: Arthralgia 2%, 2%; 
Myalgia 2%, 0%. Respiratory: Cough 1%, 0%; Dyspnea 4%, 2%; Rhinitis 2%, <1%. 
Special Senses: Abnormal Vision 2%, 0% 

The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular: hypotension, bradycardia, heart failure. CNS: 
anxiety hyper/hypoesthesia, impotence. Skin: pruritus. Gastrointestinal: vomitting, 
abdominal pain. Genitourinary: dysuria, nocturia. Liver and Biliary: small number of 
reported cases of liver abnormalities (increased SGOT, SGPT, LDH). In some cases, 
increased bilirubin or alkaline phosphatase, fever, malaise, dark urine, anorexia, 
nausea, headache, and/or other symptoms have been reported. In some cases, 
symptoms and signs were confirmed by rechallenge. Abnormalities were reversible 
upon drug cessation. Musculoskeletal: back and joint pain. Respiratory: pharyngitis, 
wheezing. Special Senses: conjunctivitis, dry eye, eye pain. Autoimmune: extremely 
rare reports of systemic lupus erythematosis. 

Incidence of drug-related adverse effects (volunteered and solicited) basec on 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 
months on a constant dose.) 








400 mg/day 800 mg/day 1200 mg/day 
Body System (N = 132) (N = 63) (N= 71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 





Potential Adverse Effects: Certain adverse effects not listed above have been 
reported with other B-blocking agents and should be considered as potential adverse 
effects of SECTRAL. 

CNS: Reversible mental depression progressing to catatonia, an acute syndrome 
characterized by disorientation for time and place, short-term memory loss, emotional 
lability, slightly clouded sensorium, and decreased performance on neuro- 
psychometrics. 

Cardiovascular: intensification of AV block (see CONTRAINDICATIONS). Allergic: 
Erythematous rash, fever with aching and sore throat, laryngospasm, respiratory 
distress. 

Hematologic: Agranulocytosis, nonthrombocytopenic and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis, ischemic colitis. 

Miscellaneous: Reversible alopecia, Peyronie's disease. The oculomucocutaneous 
syndrome associated with practolol has not been reported with SECTRAL. 

Keep at room temperature, Approximately 25°C (77°F). 
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Questions Unresolved by the Third International 
Study of Infarct Survival 


Burton E. Sobel, MD, and Désiré Collen, MD, PhD* 


Infarct Survival (ISIS-3),! like the Internation- 

al Tissue-Type Plasminogen Activator /Strepto- 
kinase (t-PA/SK) Mortality Trial,? was designed to de- 
fine effects on mortality and safety profiles of specific 
thrombolytic drug regimes in patients with acute myo- 
cardial infarction. The thrombolytic drugs studied in 
ISIS-3, streptokinase (Streptase®), anistreplase (Emin- 
ase®) and recombinant tissue-type plasminogen activa- 
tor (rt-PA) produced as duteplase (Prolysis®, Burroughs 
Wellcome Ltd.) differ in their mechanisms of action. It 
is thought that rt-PA has specificity for thrombi, where- 
as streptokinase does not. The efficacy of these agents 
for coronary thrombolysis and the impact of recanaliza- 
tion on clinical outcome have been intensely debated. It 
is now established, mostly from studies with alteplase 
(Activase®, Genentech Inc., and Actilyse®, Boehringer 
Ingelheim), that rt-PA recanalizes infarct-related arter- 
ies more rapidly than does streptokinase, as judged from 
90-minute angiograms.’ The relation between early pa- 
tency and clinical benefit remains controversial, despite 
the fact that mortality reduction is greatest with early 
treatment.*> Late recanalization, spontaneous or drug- 
induced, has been implicated as being beneficial as 
well®; however, its independent contribution in the docu- 
mented absence of early patency is not demonstrable. 
Conversely, as demonstrated in the recently reported 
Myocardial Infarction Triage and Intervention’ and 
European Myocardial Infarction Project® trials, very 
early treatment is a powerful determinant of favorable 
outcome and, most important, survival. 

The International t-PA/SK Mortality and ISIS-3! 
trials have considerable statistical power because of the 
large number of patients studied. However, valid con- 
clusions are not necessarily ensured by a large sample 
size, even with an unequivocal end point such as mortal- 
ity. For example, if a placebo-controlled study of peni- 
cillin for treatment of pneumococcal pneumonia were 
performed in many thousands of patients, but with only 
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100 U/day, a negative result would ensue. Conversely, 
an excessively high dose leading to toxicity or superin- 
fection may confound results, as well. In neither case 
would the statistical power compensate for the design 
flaw. 

Mortality: The most clear-cut result of the ISIS-3 
trial was that the 35-day mortality rates after treatment 
with each of the 3 drugs tested (streptokinase, anistre- 
plase and duteplase) were virtually identical (10.5, 10.6 
and 10.3%, respectively). Thus, the ISIS-3 investigators 
concluded that the higher incidence of early recanaliza- 
tion shown previously to be inducible with rt-PA (alte- 
plase) is clinically inconsequential. This conclusion may 
not be warranted for reasons discussed later. 

The overall early mortality of 10.5% in the ISIS-3 
trial was higher than that in several other mortality tri- 
als with thrombolytic agents in patients with acute myo- 
cardial infarction.!25°-!2 Possible explanations are the 
inclusion of many elderly patients who were at high risk 
for cardiac death and the relatively late onset of treat- 
ment that may have compromised salvage of myocardi- 
um. To delineate the impact of both these possibilities, 
we analyzed relevant results from a number of studies. 

Table I is a compilation of early mortality from all 
available studies with thrombolytic agents in which as- 
pirin was included in the protocol and the analyzed 
treatment group comprised 2150 patients. The compi- 
lation pertains only to patients matched for electrocar- 
diographic criteria of acute myocardial infarction (ST- 
segment elevation), age (<70 years) and time to treat- 
ment (<6 hours). The early mortality results are either 
taken directly from the publications or calculated from 
published information by linear extrapolation (Table I). 
The variance in mortality persists in these subgroups, 
suggesting that age and treatment delay do not fully 
account for the differences in early mortality. 

A third factor (in addition to age and treatment de- 
lay) that could explain the high mortality in ISIS-3 is 
early reocclusion of the infarct-related artery with obvi- 
ation of the beneficial effect of anticoagulation with in- 
travenous heparin (5,000 U bolus followed by continu- 
ous intravenous infusion of 1,000 U/hour), which has 
been documented in 3 studies with alteplase.!?-!4 A sim- 
ilar result has been obtained with saruplase, a recombi- 
nant, human prourokinase.!5 In all these studies, the in- 
cidence of patency 1 to several days after thrombolysis 
was greater with intravenous heparin, even though 90- 
minute patency after alteplase administered with or 
without intravenous heparin was probably the same.'® 
Subcutaneous heparin, as used in the International 
t-PA/SK Mortality and ISIS-3 trials, does not usually 
induce adequate therapeutic blood levels until 224 
hours (because of slow absorption and relatively rapid 
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TABLE I Early Mortality in Large Trials of Patients (> 150) with Acute Myocardial Infarction 
Characterized by Age < 70 Years, ST-Segment Elevation and Onset of Symptoms of <6 
Hours 


Intravenous 
Heparin 


Thrombolytic 


Agent Mortality 


ISAM2 
ISIS-25 
ECSG-510 
TIMI-2?1 

Int’l t-PA/SK2 


21 days (38/730; 5.2%) 

5 wks (51/872; 5.8%) 

2 wks (10/355; 2.8%) 

6 wks (55/1,398; 3.9%) 

In hospital (432/8,005; 5.4%) 
In hospital (463/7,986; 5.8%) 
5 wks (369/5,855; 6.3%) 

5 wks (NA) 

In hospital (9/324; 2.8%) 

In hospital (11/320; 3.4%) 

Studies are listed in chronological order and compared statistically in Table Il. Only studies in which aspirin was used 
conjunctively are included. 

a = calculated from overall mortality of 6.3% (15% patients aged > 70 years with mortality assumed to be twice as high as 
in those < 70 years); b = calculated from overall mortality (in streptokinase and aspirin group) of 8% by linear extrapolation; 
c = calculated from overall mortality (in conservatively treated group) of 4.7%, including 14% patients aged > 70 years with 
mortality assumed to be twice as high as in those < 70 years; d = calculated from overall mortality (in streptokinase group) of 
9.9% in patients with aon te elevation and onset of symptoms of <6 hours (mortality in patients aged < 70 years is 


71% of that in total group); ECSG = European Cooperative Study Group; Int'l t-PA/SK = International Tissue-Type 
Plasminogen Activator/Streptokinase Study Group; ISAM = Intravenous Streptokinase in Acute Myocardial Infarction; ISIS = 


Streptokinase 
Streptokinase 
Alteplase 
Alteplase 
Streptokinase 
Alteplase 
Streptokinase 
Duteplase 
Alteplase 


ISIS-31 


ECSG-6!2 


International Study of Infarct Survival; NA = not available; TIMI = Thrombolysis in Myocardial Infarction. 


TABLE fl Early Mortality in Aspirin-Treated Patients Aged < 70 Years, Treated Within Six 
Hours and Exhibiting ST-Segment Elevation 


Intravenous Heparin 


ISAM: 38/730 (5.2%) 


Chi-Square p Value 


ISIS-2: 51/872 (5.8%) 


ISG: 432/8,005 (5.4%) 
ISIS-3: 369/5,855 (6.3%) 


Total: 38/730 (5.2%) 
ECSG-5: 10/355 (2.8%) 
TIMI-2: 55/1,398 (3.9%) 
ECSG-6: 9/324 (2.8%) 
Total: 74/2,077 (3.6%) 
3.38 

0.06 


0.001 
0.98 


Chi-square 
p value 


479/8,306 (5.8%) 


852/14,732 (5.8%) 
Int'l t-PA/SK: 469/7,986 (5.8%) 
ECSG-6: 11/320 (3.4%) 


15.6 <0.001 


Chi-square and p values on right pertain to effect of intravenous heparin with SK or rt-PA; those at bottom pertain to effect of 


SK versus rt-PA with or without intravenous heparin. 


rt-PA = recombinant tissue-type plasminogen activator; SK = streptokinase; other abbreviations as in Table I. 


recycling of endothelial cell heparin-binding sites).'’ 
Accordingly, the results in these trials may have been 
influenced by a high incidence of early reocclusion that 
compromised reduction of mortality, particularly in the 
rt-PA-treated patients, because of low levels of antico- 
agulant, fibrinogen degradation products. 

The data in Table I are consistent with this possibili- 
ty. A significant difference in mortality is evident when 
the groups of patients in this table are categorized ac- 
cording to the thrombolytic agent used (streptokinase, 
alteplase or duteplase) and the presence or absence of 
concomitant, intravenous heparin (Table II). In patients 
treated with streptokinase, mortality with intravenous 
heparin (5.2% in 730 patients) was not significantly 
lower by chi-square analysis than in those not given in- 
travenous heparin (5.8% in 14,732 patients). It is proba- 
ble that with larger numbers of patients in the intrave- 
nous heparin group the difference would become signifi- 
cant. In the patients treated with rt-PA, mortality with 
intravenous heparin (3.6% in 2,077 patients) was signif- 
icantly lower than that without heparin (5.8% in 8,306 
patients; chi-square 15; p <0.001). Thus, omission of 





intravenous heparin in ISIS-3 may have obscured the 
clinical benefit of a high incidence of early recanaliza- 
tion with rt-PA. 

In addition, further consideration of the data in Ta- 
ble II suggests a thrombolytic drug-dependent differ- 
ence in mortality in patients given intravenous hepa- 
rin. With streptokinase, mortality appears to be higher 
(5.2% in 720 patients) than with rt-PA (3.6% in 2,077 
patients; chi-square 3.38; p = 0.06). However, these in- 
ferences regarding intravenous heparin and thrombolyt- 
ic drug-dependent effects, which are based on retrospec- 
tive subset analysis of published data, are not necessari- 
ly conclusive. 

Accordingly, we reviewed mortality data from all 
available trials of patients prospectively randomized to 
treatment with rt-PA (alteplase) combined with imme- 
diate intravenous heparin or to treatment with other 
thrombolytic agents (streptokinase, urokinase or anis- 
treplase) combined with immediate intravenous hepa- 
rin. The results from the 7 trials fulfilling these criteria 
are listed in Table III. Cumulative in-hospital mortali- 
ties were 43 of 975 patients (4.4%) randomly assigned 
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to treatment with rt-PA plus intravenous heparin and 
71 of 972 (7.3%) assigned to treatment with strepto- 
kinase, urokinase or anistreplase plus intravenous hepa- 
rin. Meta-analysis of the data yields an odds ratio for 
death with alteplase compared with the nonfibrin-spe- 
cific thrombolytic drugs of 0.59 (95% confidence inter- 
vals 0.41 to 0.87; p = 0.0067). These results from small 
randomized studies (which were, however, not prospec- 
tively designed with mortality as a primary end point) 
are consistent with those in Table II. Thus, the omission 
of protocol-mandated immediate intravenous heparin in 
the International t-PA/SK Mortality Trial? and ISIS- 
3! possibly contributed to suboptimal reduction of mor- 
tality, particularly in patients treated with rt-PA. 

Safety: The incidence of stroke and particularly 
intracranial hemorrhage in ISIS-3 has been the focus of 
considerable attention. The overall incidence of early 
stroke in patients with acute myocardial infarction is 
approximately 1%.75° Causes of thromboembolic 
stroke include concomitant atherosclerotic cerebrovas- 
cular disease, hemodynamic compromise accompanying 
infarction, and cardiac-source emboli. Hemorrhage into 
thromboembolic lesions (hemorrhagic conversion) may 
cause overestimation of the incidence of true hemor- 
rhagic stroke.”° 

ISIS-3 reports a high incidence of probable intracra- 
nial bleeding in patients treated with duteplase (0.66%) 
or anistreplase (0.55%), which exceeds the 0.24% in 
those treated with streptokinase. Because the amount of 
streptokinase present in 30 U of anistreplase (approxi- 
mately 1.2 million units) is comparable to that adminis- 
tered in the streptokinase group, the disparity in intra- 
cranial bleeding incidence between patients treated with 
anistreplase and streptokinase is surprising. Further- 
more, the incidence of intracranial bleeding with dute- 
plase (0.66%) is substantially higher than that with 100 
mg of alteplase in the 3 largest previous studies (0.3% in 
2,515 patients,2” 0.4% in 3,016,!! and 0.4% in 10,3727). 

Comparison of the International t-PA/SK Mortality 
Trial? and ISIS-3! results reveals that the frequency 
of cerebral bleeding (as defined in these studies) was 
nearly identical at 0.3 and 0.24%, respectively, in the 
streptokinase groups. The frequency with 100 mg of al- 
teplase in the International t-PA/SK Mortality Trial 
was 0.4% (p= not significant vs streptokinase). The 
frequency with duteplase in ISIS-3 was 0.66% (p 
<0.00001 vs streptokinase). Thus, the difference be- 
tween cerebral bleeding rates in these 2 studies appears 
to be primarily, if not totally, due to a difference be- 
tween the 2 t-PA preparations (duteplase and alteplase) 


Streptokinase in Patients with Infarction?® 






Intracranial 
Hemorrhage 








International t-PA/SK Definite hemorrhage 
Study 


ISIS-3 Probable hemorrhage 








in . 
NS = not significant; other abbreviations as in Table |. 





TABLE IV Frequency of Intracranial Hemorrhage in ISIS-3 and the International t-PA/SK 
Study, the Two Megatrials Comparing Tissue-Type Plasminogen Activator (t-PA) and 


Streptokinase 


30/10,396(0.3%)* 


39/12,848(0.3%) 
ae ery significant difference compared with streptokinase group in ISIS-3; Tp < 0.003 compared with t-PA group 
ISIS- 


TABLE Ill In-Hospital Mortality in Randomized Assignment, 
Large-Scale Studies of rt-PA Versus Nonfibrin-Specific 
Thrombolytic Agents Combined with Immediate Intravenous 
Heparin for >48 Hours in Patients with Acute Myocardial 
Infarction 


Nonfibrin-Specific Agent 


TIMI-118 
ECSG-1+9 
White et al2° 
PAIMS2! 
TAMI-522 
GAUS23 
TAPS24 
Total 


12/157 
3/64 
5/135 
4/86 
8/191 
6/124 
5/218 

43/975 

(4.4%) 


14/159 (SK) 
3/65 (SK) 
10/135 (SK) 
7/85 (SK) 
5/190 (UK) 
5/121 (UK) 
17/217 (APSAC) 
71/972 (all) 


(7.3%) 

Homogeneity index: chi-square 4.76; p = 0.57. Odds ratio 0.59 (95% confidence 
interval 0.41 to 0.87);p = 0.0067. 

APSAC = anisolated plasminogen streptokinase activator complex; GAUS = 
German Activator Urokinase Study; PAIMS = Plasminogen Activator Italian Multi- 
center Study; TAMI = Thrombolysis and Angioplasty in Myocardial Infarction; TAPS = 
rt-PA-APSAC Patency Study; UK = urokinase; other abbreviations as in Tables | and Il. 


and not to a difference between streptokinase and alte- 
plase (Table IV).?8 The surprisingly high incidence of 
probable intracranial bleeding reported in ISIS-3 may 
be related to the dosing and nature of the rt-PA prepa- 
ration used (duteplase), as discussed later. 

Dose regimens of duteplase and alteplase: Dute- 
plase (the experimental rt-PA used in ISIS-3), like the 
clinically approved rt-PA alteplase, is produced from 
human t-PA complementary DNA (cDNA), which was 
synthesized from messenger RNA (mRNA) isolated 
from the Bowes melanoma cell line.2? Although the 2 
rt-PAs may therefore be expected to be identical, the 
production and purification processes appear to have re- 
sulted in some alterations in duteplase. Thus, duteplase 
is predominantly a 2-chain molecule and contains | 
amino acid substitution. Alteplase (like wild-type t-PA) 
is a predominantly single-chain molecule without amino 
acid substitutions. The specific plasminogen activating 
activity of duteplase (as determined in the standard clot 
lysis assay) is low (300,000 IU /mg) compared with that 
of alteplase (580,000 IU/mg) (data obtained from Bur- 
roughs Wellcome and the U.S. Food and Drug Admin- 
istration). The dose of duteplase administered in ISIS-3 
over 4 hours was 0.6 million IU/kg of body weight, cor- 
responding to 2 mg/kg based on a specific clot lysis as- 
say activity of 300,000 IU/mg. For the average 75 kg 
patient, this would represent a total dose of 45 million 
IU or 150 mg. Another assay of functional activity, a 
kinetic, chromogenic substrate assay, yields a specific 










44/10,372(0.4%)t NS 


94/12,841(0.7%) <0.001 
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kinetic assay activity for duteplase of approximately 
500,000 IU/mg, which is comparable to that of alte- 
plase. Thus, the 150 mg dose of duteplase comprising 
75 million kinetic assay units given in ISIS-3 clearly 
exceeds the kinetic assay units of activity and mass giv- 
en with the standard 100 mg dose of alteplase used clin- 
ically. A 150 mg dose of alteplase administered in com- 
bination with intravenous heparin was found in the 
Thrombolysis In Myocardial Infarction-2 trial (TIMI- 
2) to be associated with an intracranial bleeding rate of 
1.6%, which led the investigators to reduce the dose to 
100 mg after treatment of several hundred patients*® 
and to the clinical abandonment of the higher dose. 
Thus, it is not surprising that the incidence of probable 
intracranial bleeding in ISIS-3 was 0.66% with dute- 
plase without intravenous heparin. 

If duteplase and alteplase are indeed equipotent (in 
terms of activity related to potential toxicity) despite the 
different specific activities obtained in the standard clot 
lysis assay, duteplase in ISIS-3 would have been admin- 
istered in amounts previously shown in TIMI-2 to be 
associated with an increased risk of intracranial bleed- 
ing. Regardless, the results obtained with duteplase 
combined with subcutaneous heparin in ISIS-3 cannot 
be extrapolated to the standard use of 100 mg of alte- 
plase combined with intravenous heparin. 

Conclusions: Despite the large number of patients 
studied and the use of mortality as an end point in ISIS- 
3, unresolved questions persist. The results in ISIS-3 do 
not demonstrate a lack of clinical benefit associated 
with the now established increased incidence of early 
patency induced by rt-PA. Early reocclusion, unatten- 
uated by protocol-mandated bolus intravenous heparin, 
may have obviated the benefit that would have been 
otherwise evident. The high mortality figures for all 
drugs used that emerged from ISIS-3 call into question 
the overall design and validity of the trial. Early coro- 
nary reocclusion may have occurred with all 3 agents 
studied, but would be most prominent with the fibrino- 
gen-sparing duteplase. The higher incidence of probable 
intracranial bleeding with duteplase, virtually identical 
to that seen with anistreplase, is not consistent with re- 
sults obtained with alteplase in other large clinical trials. 

A favorable impact of thrombolysis on coronary re- 
canalization, salvage of myocardium, regional ventricu- 
lar performance and survival has been demonstrated un- 
equivocally. Further progress can be anticipated with 
earlier treatment, acceleration of recanalization, resto- 
ration of patency in an even greater fraction of infarct- 
related arteries, and optimal prevention of early reocclu- 
sion. These objectives can be best attained by intensified 
education of the public, paramedical personnel and phy- 
sicians, development of new thrombolytic agents, fur- 
ther elucidation of pathophysiologic determinants of re- 
canalization and its maintenance, and the use of con- 
junctive agents such as antiplatelet drugs, heparin and 
direct-acting antithrombins currently undergoing clini- 
cal investigation. 

Although the results of ISIS-3 confirmed the safety 
of streptokinase, they do not militate against the view 
that early recanalization (inducible with a higher inci- 
dence with rt-PA) is a primary determinant of clinical 


outcome. Because mortality reduction and benefits of 
drug-dependent differences in the rapidity of induc- 
tion of recanalization are so dependent on early treat- 
ment,** a definitive answer to the question should come 
from large-scale mortality studies of patients in whom 
the risk/benefit ratio of thrombolysis is not unaccept- 
ably high, electrocardiographic criteria of infarction are 
unequivocal, and treatment is initiated early after the 
onset of symptoms with regimens that will induce not 
only early recanalization but also sustained patency in 
infarct-related arteries. 
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Good Old Boys, Texas, Big Numbers and 
Coronary Artery Bypass Grafting 


Mary Moore Free, PhD 


everal good old boys stood talking with one another 

while enjoying the big selection of foods and bev- 

erages on a lavishly laden buffet table at a wed- 
ding reception in a swank country club in Texas, hosted 
by another one of them for his daughter and her groom. 
In black tie attire and escorting their “little women” 
resplendent in designer dresses and big brilliant jewels, 
these well-fed and well-heeled men verbalized their fa- 
vorite concept: big numbers. Success is measured in big 
numbers among these men who live high and think big. 
And rightly so, for these good old boys live in Texas, a 
state that is 220 times larger than Rhode Island, the 
smallest state, nearly 25% larger than the country of 
France, and approximately 3 times the size of the entire 
United Kingdom. Good old boys typically talk about 
topics important to them, which include most all issues 
that can be quantified in big numbers. On this evening, 
their discussion focused on big numbers in association 
with coronary artery bypass grafting. 

At least 250,000 coronary artery bypass operations 
are performed in the U.S. each year, and the good old 
boys probably undergo an extra share of them. Good 
old boy is defined in Webster's New World Dictionary 
as “a man of the Southern U.S., variously characterized 
as easygoing, companionable, assertively masculine, and 
strongly identifying with his regional lifestyle.” To deal 
with the threats of helplessness, loss of control, and 
mortality associated with symptomatic coronary artery 
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disease, these men tend to generate what for them is an 
adaptive strategy based on the idea of big numbers, be- 
cause that is what they know and like best. By this 
means, they create an optimal environment for them- 
selves, where self-perceived stress is minimized and self- 
directed power is maximized. Thus, threats of loss are 
attenuated, and their well-being is somewhat protected. 

The good old boys depicted here are both mentally 
and physically Texans, middle-aged and elite. The cir- 
cumstances of this wedding reception represent the re- 
gional lifestyle typical of elite men in Texas. It is replete 
with big numbers of dollars that the host-good old boy 
made available for his little woman and her big number 
of wedding specialists to invest in the quality and quan- 
tity of this social affair. Big dollars are required to buy 
the quality of amenities viewed as befitting this happen- 
ing and in the quantities considered appropriate. These 
items include the excellent food and beverages, the gor- 
geous floral decorations, the superb orchestra and the 
beautiful multitier wedding cake for the celebration. 
Elaborate festivities such as debutante balls, charity ga- 
las, cocktail parties, country and western dances, Mexi- 
can food fiestas and wedding receptions like this one are 
commonplace for those in advantaged circumstances in 
this geographic region. This party, then, was not the 
topic of the conversation among this group of good old 
boys. After all, the host was also a good old boy. He 
would unequivocally have this sort of observance of the 
occasion. Instead, these men were discussing themselves 
and other fellow members of their “bypass club,” mem- 
bership in which is based solely on the bravery of con- 
quering the arduous procedure of coronary artery by- 
pass grafting and surviving to tell about it. Good old 
boys, who in their own minds are never victims but al- 
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ways heroes, relish recounting their epics in the biggest 
numbers possible. 

These men are heroes by means of surviving this 
great insult to their bodies and threat to their lives. Be- 
sides numbers of bypass procedures and grafts, enumer- 
ations of triumphs consist of the numbers involving such 
related topics as angioplasties, days and times in the 
hospital, days away from work, levels of cholesterol, 
pounds of weight lost, and weeks of cardiac rehabilita- 
tion. Furthermore, the bypass club, which is a forum for 
relating their conquests of coronary artery bypass graft- 
ing, may be considered an extension of a behavior that 
has been adaptive for them throughout their pasts. 
Good old boys grew up telling “war stories” in terms of 
numbers about events in their lives, such as academic 
marks, alcoholic beverages consumed at 1 time, clubs 
and societies to which they belong, fish caught, points 
put on scoreboards, sets of tennis played and won, stock 
market gains, varieties of vehicles owned, and (most of 
all) women in their lives. Some of those women are the 
very ones who now “see their good old boys” through 
their confrontations with heart disease in general and 
coronary artery bypass grafting in particular. One of 
them is their hostess for the evening. 

Texas, which has big numbers in land area (largest 
in the contiguous continental U.S.), people (surpassed 
only by California and New York), business, bypass op- 
erations, industry, organizations, professions, social life 
and sporting events produces good old boys who believe 
in the concept that big numbers are objectives in and of 
themselves, irrespective of what category produced the 
big numbers. In other words, counts count — no matter 
what is being counted. Smaller numbers (excepting golf 
scores and cholesterol levels, of course) signify weak- 
ness. For example, to save big amounts of time and 
produce bigger yield, they commute by car, travel by 
plane (often their own), and prefer elevators, escalators 
and golf carts (on courses they may have developed, 
designed, contracted and constructed). They readily 
achieve political goals, affect policy, conduct business, 
direct industry, practice professions and run organiza- 
tions (frequently in association with big meals com- 
prised mostly of red meat and dairy products, both of 


which they may have produced). Competition is fierce 
in all activities (including spectator sports that are often 
tension-promoting). They experience the unwelcome ef- 
fects of stress. They develop coronary artery disease and 
undergo coronary artery bypass grafting. 

The patterned reaction and adaptive behavior of 
elite, good old boys from Texas to coronary artery by- 
pass grafting then consists of focusing on the numbers 
of bypass procedures performed and on the numbers of 
grafts inserted at each operation, and the bigger these 
numbers, the greater esteem in which others hold good 
old boys. Those among them whose “numbers” equal 
the highest sum are viewed as the most assertively mas- 
culine. Under the rubric of this logic, 2 bypass opera- 
tions with insertion of 3 conduits at each operation 
mean a much greater accomplishment than does 1 by- 
pass operation with only 2 grafts inserted. Hence, telling 
the stories of their surgical experiences and comparing 
them with the experiences of their colleagues, with em- 
phasis on the combined numbers of bypasses and grafts 
in an “anything you can do, I can do better” fashion, 
are standard occurrences at social functions, such as the 
one characterized here. Moreover, good old boys who 
have recently undergone this procedure, thereby making 
them eligible for the club, are encouraged to join in this 
competitive verbal activity that focuses on big numbers. 
Because undergoing this procedure is the only require- 
ment for membership in the club, they instantly become 
active members. A policy of instant membership in the 
club eliminates formalities, thus saving big amounts of 
time while producing a bigger yield of members. After 
all, counts count — no matter what is being counted. 

In summary, good old boys are never victims, but 
always heroes. Heroes are conquerors. In conquering 
coronary artery disease by successfully undergoing coro- 
nary artery bypass grafting, good old boys are victori- 
ous. Victory leads to recovery. Recovery maintains per- 
sonal control. Personal control is personified by being 
easygoing, companionable and assertively masculine. 
Thus, good old boys are conquering heroes. Conquering 
heroes epitomize success. Success is masculine. And 
above all, good old boys are, by definition, masculine. 
Just ask one. 
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Pulse Oximetry in Cyanotic Congenital Heart Disease 


Samuel S. Gidding, MD 


T ranscutaneous oximetry allows for both noninvasive 
and continuous assessment of arterial oxygenation. 
Transcutaneous oxygen partial pressure (PO) monitor- 
ing has been shown to correlate sufficiently well with 
arterial oxygen pressure to be used clinically in inpatients 
and outpatients with congenital heart disease and chronic 
lung disease.! However, this technique is limited by the 
nonlinear relation between arterial oxygen pressure and 
oxygen content created by the oxyhemoglobin dissocia- 
tion curve and interindividual variability in Pso.2 Pulse 
oximetry allows for the noninvasive assessment of oxygen 
saturation, thus improving the ability to estimate oxygen 
content. Prior studies suggested that although there is a 
good correlation between transcutaneous and arterial 
oxygen saturation, this technique can overestimate oxy- 
gen saturation at lower levels.*-© Because patients with 
cyanotic congenital heart disease generally have chronic 
hypoxemia of greater severity than do those with lung 
disease, this overestimation may have clinical signifi- 
cance. We evaluated the reliability of transcutaneous 
pulse oximetry in patients with congenital heart disease in 
the cardiac catheterization laboratory and in clinical set- 
tings to determine the usefulness of this technique in 
clinical practice. 

Children (n = 44) undergoing cardiac catheteriza- 
tion for a variety of clinical conditions, also underwent 
continuous transcutaneous monitoring (Nellcor Pulse 
Oximeter) of oxygen saturation as part of their diagnos- 
tic study. Directly measured arterial oxygen saturations 
(n = 66) (Radiometer A/S Copenhagen OSM2 Hemox- 
imeter) were compared with simultaneous transcutane- 
ous oxygen saturation readings. Diagnoses that provided 
additional information concerning the clinical use of the 
technique beyond the direct comparison included tetral- 
ogy of Fallot with hypoxemic spells, device closure of 
fenestration after a Fontan procedure, and right-to-left 
ductal shunting. Comparisons between arterial and 
transcutaneous pulse oximetry were performed using 
paired t tests and linear regression analysis. 

Transcutaneous pulse oximetry consistently overesti- 
mated arterial oxygen saturation (88 + 10% vs 84 + 
10%; p <0.001). Linear regression analysis comparing 
transcutaneous and arterial oxygen saturation showed a 
good correlation, but an increasing disparity between 
transcutaneous and arterial saturation as oxygen satu- 
ration decreased (Figure 1). 

Examples of successful uses include the following: 
The onset of a tetralogy spell was quickly recognized by 
observing a sudden decrease in the digital readout of 
oxygen saturation. Successful occlusion of a right-to- 
left atrial level shunt after a fenestrated Fontan proce- 
dure was also demonstrated initially by an increase in 
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oximeter saturation. Right-to-left ductal shunt in a 
tient with interrupted aortic arch was demonstrated 
transcutaneously by increased transcutaneous satura- 
tion in the right arm compared with in the leg. 

The overestimation of arterial oxygen saturation by 
transcutaneous monitoring has clinical significance. For 
example, an infant with tachypnea being evaluated for 
respiratory distress may have transcutaneous saturation 
of 80 to 85% in room air, which increases to 95 to 98% in 
high oxygen. However, because of the overestimation of 
arterial oxygen saturation, the clinician may be falsely 
reassured that the infant does not have an intracardiac 
right-to-left shunt, unless a transcutaneous PQ) is also 
measured. In an outpatient with cyanotic congenital 
heart disease, a transcutaneous oxygen saturation of 80% 
would predict an estimated arterial saturation of 71 to 
79%. The lower end of this range may suggest the need 
for clinical intervention, whereas the upper end would be 
considered adequate. 

This study showed that transcutaneous oximetry ap- 
proximates arterial oxygen saturation well enough to be 
used clinically, but overestimation of oxygen saturation is 
likely, particularly at lower saturations. The regression 
equation obtained in this study relating transcutaneous to 
arterial oxygen saturation is similar to those obtained in 
nurseries, other pediatric studies and during general anes- 
thesia.*~© We used transcutaneous oxygen measurements 
in conjunction with a complete blood count to successful- 
ly assess oxygen content in outpatients with cyanotic con- 
genital heart disease and chronic lung disease.!7 
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FIGURE 1. Relation between transcutaneous (T.) and directly 
measured arterial (Art) oxygen (O2) saturation (Sat) in 44 pa- 
tients (66 measurements). Regression line for relation be- 


reflects degree of overestimation of arterial oxygen saturation. 
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We recommend the use of pulse oximetry for monitor- 
ing oxygen content in cyanotic patients if the potential 
overestimation of oxygen saturation is considered, and a 
hemoglobin is measured to calculate content.’ Both mea- 
surements are necessary, because a cyanotic patient with- 
out an appropriate increase in hemoglobin concentration 
will not have adequate oxygen delivery and will be at risk 
for stroke. We previously published normal values for 
hemoglobin based on degree of hypoxemia for prepuber- 
tal children.’ 
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Effects of Homograft Blood Type and Anatomic Type on Stenosis, 
Regurgitation and Calcium in Homografts in the Pulmonary Position 


Robert E. Shaddy, MD, Lloyd Y. Tani, MD, Jane E. Sturtevant, BSN, Linda M. Lambert, RN, 


and Edwin C. McGough, MD 


he use of both aortic and pulmonary homografts in 

the pulmonary position for treatment of right ven- 
tricular or pulmonary outflow tract obstruction has 
gained widespread popularity.'-> Although this homo- 
graft tissue presents a potential allogeneic stimulus to the 
recipient, little is known about the effects of blood-type 
(ABO) compatibility or incompatibility on homograft 
function.’ This study retrospectively reviews the outcome 
of homografts in the pulmonary position in 39 consecu- 
tive children who had placement of an aortic or pulmo- 
nary homograft in the pulmonary position for treatment 
of pulmonary outflow tract obstruction. 

Between February 1987 and September 1990, 48 
children at Primary Children’s Medical Center under- 
went surgical placement of an aortic or pulmonary ho- 
mograft in the pulmonary position for treatment of pul- 
monary outflow tract obstruction. There were 7 early 
(<30 days after surgery) and 2 late (3 to 6 months after 
surgery) deaths. The remaining 39 patients (mean age 
5.8 + 4 years, range 3 months to 17 years; weight 18 + 12 
kg at time of surgery) constitute this study. Twenty-two 
patients had pulmonary stenosis or atresia with ventric- 
ular septal defect, 8 had truncus arteriosus, 7 had pul- 
monary stenosis with D-transposition of the great arter- 
ies, and 1 had pulmonary atresia with intact ventricular 
septum. Additional procedures performed at the time 
of surgery included closure of the ventricular septal de- 
fect in 34 patients, arterial switch procedure in 2, and 
aortic valve replacement, atrial baffle procedure and 
Glenn procedure in 1 each. No attempt was made to 
prospectively ABO match the homograft to each patient 
at the time of surgery, and the decision to use either an 
aortic or pulmonary homograft was based solely on 
availability at the time of surgery. 
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Fourteen patients had an identical homograft ABO 
match, 10 had a compatible but not identical ABO 
match, and 15 had an incompatible ABO match. Com- 
plete 2-dimensional and Doppler ultrasound examina- 
tions were performed 20 + 15 months after surgery. 
Doppler estimates of homograft stenosis were performed 
with blind and 2-dimensional directed continuous-wave 
Doppler recordings measuring the maximal gradient de- 
tected along the conduit. Pulsed and color Doppler esti- 
mates of homograft regurgitation were performed and 
quantitated, as previously described by Meliones et al.’ 

There were no significant differences between ABO 
groups with regard to the degree of homograft stenosis, 
or the presence of conduit regurgitation, which was ei- 
ther absent (n = 15), mild (n = 11), moderate (n = 12) 
or severe (n = 1) (Table I). Similarly, the incidence of 
radiographic calcification detected at 14 + 9 months 
(range 3 to 29) after surgery was not significantly differ- 
ent between ABO groups (Table I). There were 13 aortic 
and 26 pulmonary homografts. The Doppler estimate of 
the maximal peak systolic pressure gradient across the 
homograft was not significantly different between aortic 
(31 + 28 mm Hg) and pulmonary (19 + 16) homografts 
(p = 0.10). Similarly, the percentage of patients in each 
group with homograft regurgitation was not significant- 
ly different between aortic (77%) and pulmonary (58%) 
homografts. However, radiographic calcification of the 
homograft was seen more frequently in patients with 


TABLE | Homograft Stenosis, Regurgitation and Calcium in 
Identical, Compatible and Incompatible Blood-Type Matches 


Stenosis 
(pressure gradient) 
(mm Hg) 


Calcium 
(n) (%) 


Regurgitation 
(n) (%) 


Identical 
Compatible 
Incompatible 


6 (42) 
8 (80) 
10 (67) 
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aortic homografts (62%) than in those with pulmonary 
homografts (13%) (p <0.01). Although the degree of 
homograft stenosis in aortic homografts tended to be 
greater in those with (41 + 32 mm Hg) than in those 
without (14 + 5) calcification, this difference was not 
statistically significant (p = 0.12). Similarly, the degree 
of stenosis was comparable in pulmonary homografts 
between those with (18 + 3 mm Hg) and those without 
(19 + 4) calcification. The amount of homograft regur- 
gitation was not significantly different between homo- 
grafts with and without calcification. 

Three patients needed homograft replacement, 2 be- 
cause of severe stenosis at 43 and 51 months after sur- 
gery, respectively, and 1 patient because of an aneurysm 
of the right ventricular pericardial outflow tract patch 
2.5 months afier surgery. Both patients who needed ho- 
mograft replacement for stenosis had received aortic ho- 
mografts that were ABO incompatible (type O blood 
with type A homografts) and demonstrated calcification 
16 and 19 months after surgery, respectively. 

The data from this study suggests that ABO incom- 
patibility between homografts and patient recipients does 
not increase the incidence or severity of homograft dys- 
function as estimated by ultrasonographic stenosis or re- 
gurgitation. It is possible that this method of evaluation 
does not entirely reflect the degree of homograft stenosis 
owing to potential differences in peripheral pulmonic ste- 
nosis and distal pulmonary arterial pressures. Further- 
more, because no attempt was made to estimate the exact 
location of the stenosis, it is not possible to comment on 
the degree of stenosis present at the homograft valve or 
the proximal and distal anastomotic sites. However, in 
attempting to estimate the entire extent of stenosis across 
the homograft, there appears to be no difference between 
ABO identical, compatible or incompatible groups. The 
fact that the 2 patients who needed homograft replace- 
ment for stenosis had incompatible, calcified aortic ho- 
mografts provokes speculation as to whether this is a 


group at higher risk for homograft dysfunction. However, 
the number of patients with this clinical makeup is too 
small in this study to provide any definitive conclusions. 

In agreement with other investigators, aortic homo- 
grafts in our study had an increased incidence of radio- 
graphic calcification compared with that of pulmonary 
homografts. Previous experimental and clinical studies 
suggested that aortic homografts are more prone to calci- 
fication than are pulmonary homografts, possibly due toa 
higher content of elastic tissue and total calcium in the 
arterial wall of the aorta. However, the presence of calci- 
fication in the homograft may not necessarily correlate 
with an increased failure rate of the homograft, because 
in our study, calcification was not uniformly associated 
with increased homograft stenosis or regurgitation. 

In summary, homograft ABO incompatibility does 
not increase the incidence of stenosis, regurgitation or 
calcification of homografts in the pulmonary position in 
children. However, radiographic calcification is more fre- 
quent in aortic than in pulmonary homografts. It is possi- 
ble that an ABO incompatible, calcified aortic homograft 
may be at higher risk for failure, but further study is 
needed to determine this. 
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Electrocardiographic Features of Restrictive Pulmonary Disease, and 
Comparison with Those of Obstructive Pulmonary Disease 


Neeta S. Shah, MD, Sriharsha Velury, MD, Dan Mascarenhas, MBBS, and David H. Spodick, MD, DSc 


lectrocardiographic changes (particularly the frontal 

plane P vector) are highly characteristic, indeed qua- 
sidiagnostic,'~? of obstructive lung disease, and their inci- 
dence increases with increasing obstruction by pulmo- 
nary function test.? Restrictive lung disease has not been 
equally characterized. Therefore, we investigated 30 con- 
secutive patients with pure restrictive parenchymal lung 
disease and compared them with our series” of 301 pa- 
tients with obstructive disease, the results of which agreed 
with subsequent investigations.*° 

Electrocardiograms and pulmonary function tests 
were analyzed independently in 30 patients aged >35 
years with purely restrictive lung disease. Patients with 
kyphoscoliosis were excluded because chest deformity 
and mixed restrictive/obstructive disease may affect 
electrocardiographic patterns. All patients had pulmo- 
nary fibrosis, either idiopathic or associated with colla- 
gen vascular diseases or pneumoconioses. Function was 
characterized by the following criteria® that established 
the presence of restriction: forced vital capacity <81% 
predicted, total lung capacity <81% predicted, and 1- 
second forced expiratory volume/forced vital capacity 
>70. Degrees of restriction are identified in the Table I. 

P and QRS axes (mean frontal vectors) were deter- 
mined’ and rounded to the nearest 10°. In the obstructive 
lung series, degrees of obstruction were established by 
levels of decreasing timed vital capacity.’ Data in the 
present series were then examined for 2 elements closely 
related to degree of obstruction in patients with pulmo- 
nary emphysema (frontal plane P and QRS axes)’ and 
compared with the degree of restriction. Using chi- 
square test, p <0.05 was considered significant. 

Table I and Figure 1 summarize the results. In the 
restrictive group, the mean I-second forced expiratory 
volume/forced vital capacity ratio was 78 + 3, mean 
forced vital capacity was 55 + 19%, and mean total lung 
capacity was 60 + 15%. 

P axes in 10 of the 30 patients with pure restrictive 
disease were in the intermediate range (40 to 60°) con- 
sidered normal.’ Sixteen patients had horizontal (<40°) 
P axes. Only 4 patients had vertical (70 to 90°) P axes. 
For ORS axes, there were 5 patients in the vertical range 
(260°), 17 in the intermediate range (0 to 60°), and 8 in 
the horizontal range (—10 to —60°) (Table I). 

Figure 1 shows axial comparisons between restrictive 
and obstructive cases. Because the number of patients in 
each study differs, percentages are shown. P-axis distri- 
bution with pure restrictive disease was 53% horizontal, 
33% “normal” and 13% vertical. This contrasts sharply 
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(p <0.001) with proportions for obstructive cases (8% 
horizontal, 15% normal and 77% vertical). QRS axes 
in patients with restrictive disease were 17% vertical, 
57% intermediate and 27% horizontal; for obstructive 
disease, they were 60% vertical, 27% intermediate and 
14% horizontal. The difference between restrictive and 
obstructive QRS-axis distribution was significant (p 
<0.001). 

P- and QRS-axis distributions of the restrictive and 
obstructive groups differed significantly (p <0.001 each). 
However, whereas the QRS axis in restrictive disease was 
significantly left of that in obstructive disease, most QRS 
axes were intermediate (within normal range) (Table I). 
Unlike QRS axes, normal frontal plane P axes are within 
a relatively narrow range (+40 to +60°).® Thus, P axes 


TABLE I Results in 30 Cases of Restrictive Lung Disease 


VC TLC 
Pt.  (% pre- (% pre- P 


Category No. dicted)  FEV1/FVC dicted) Axis 


Severe 


Degree of Restriction by Pulmonary Function Test 


TLC 
(% predicted) 


Degree of VC 
Restriction (% predicted) 


Mild 
Moderate 
Severe 


FEV1/FVC = 1 second forced expiratory volume/forced vital capacity ratio; TLC = 
total lung capacity; VC = vital capacity. 
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Comparison between Restrictive and Obstructive cases (P 
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FIGURE 1. Comparison of P (top) and QRS (bot- 
tom) axes in patients with restrictive and ob- 
structive pulmonary disease. Equiv = equivalent; 
Vert. = vertical. 





Axis) 


W Restrictive 


g Obstructive 


Comparison between Obstructive and Restrictive cases 
(QRS axis) 


S$ 8 8 & B 


o e) 


260° are vertical, and those <40° are horizontal. There 
was a marked tendency toward horizontal (<40°) P axes 
in the restrictive group (53%) compared with only 8% in 
the obstructive group, and a markedly contrasting reverse 
prevalence of vertical axes (restrictive 13% and obstruc- 
tive 77%; Figure 1). Horizontalization of the P-wave axis 
had no relation to functional severity of restriction, con- 
trasting with progressive P- and QRS-axis verticalization 
in obstructive disease proportional to progressively wors- 
ening function.” 

Verticalized electromotive forces in obstructive lung 
disease have been ascribed to pulmonary hyperaeration 
and low diaphragms.” Whereas the impact of restrictive 
lung disease on transthoracic electric conduction is unin- 
vestigated, both pulmonary and diaphragmatic condi- 
tions are clear opposites of those in obstructive disease: 
the lungs are hypoaerated, and the diaphragm is high.?:!° 
Regardless of the effect of hypoaeration on transthoracic 
conduction, the high diaphragm is a reasonable correlate 
of P-vector horizontalization, because the right atrium is 
attached to the diaphragm by the inferior vena cava.!! 
Therefore, we hypothesize that chronic anatomic confor- 
mation of the right atrium to oppositely altered diaphrag- 
matic positions is 1 reasonable explanation for the con- 





Restrictive Cases 


g Obstructive cases 


trasting P-vector orientations in restrictive and obstruc- 
tive pulmonary diseases. 
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Usefulness of Transesophageal Echocardiography in Diagnosing 
Lipomatous Hypertrophy of the Atrial Septum with Comparison to 


Transthoracic Echocardiography 


William T. Pochis, MD, Kooroush Saeian, MD, and Kiran B. Sagar, MD 


an a hypertrophy of the atrial septum (LHAS) 
is an infrequently observed entity characterized by an 
unencapsulated proliferation of mature and multivacuo- 
lated adipose tissue within the interatrial septum.!-? It 
has been suggested that LHAS is associated with an 
increased incidence of supraventricular dysrhythmias, 
sudden death, obesity, abnormal P waves on electrocardi- 
ography, and advanced age.!-5 Whereas initial descrip- 
tions of this entity were from autopsy studies,!->> in vivo 
diagnosis of LHAS has been described using transthorac- 
ic echocardiography (TTE).*** Recently, it was found 
that transesophageal echocardiography (TEE) may be 
superior to TTE in the detection of abnormalities associ- 
ated with the atrial septum.? Thus, we hypothesized that 
TEE would be a superior technique to detect LHAS in a 
referral population and would enable the characteriza- 
tion of a group of patients with this entity. 
Videotaped echocardiographic images and medical 
records of 158 patients sequentially referred for TEE 
during a 1-year period were retrospectively reviewed. 
TEE and TTE were performed using commercially 
available ultrasound systems (Acuson 128XP/10 with a 
single-plane probe, Mountainview, California, and Gen- 
eral Electric RT6800 with a biplane probe, Milwaukee, 
Wisconsin). Atrial septal measurements were obtained 
posterosuperior and anteroinferior to the membrane of 
the fossa ovalis in the optimal basal short-axis or 4- 
chamber tomographic view of standard single-plane 


eee ee ee 
From the Division of Cardiology, Medical College of Wisconsin, Mil- 
waukee, and the Division of Cardiology, Milwaukee County Medical 
Complex, 8700 W. Wisconsin Avenue, Milwaukee, Wisconsin 53226. 
Manuscript received December 6, 1991; revised manuscript received 
and accepted February 24, 1992. 


TEE. Patients were considered to have LHAS if the 
atrial septum was >15 mm in thickness, with an echo- 
dense globular appearance that spared the fossa ovalis in 
a characteristic “dumbbell” pattern. 

In addition to electrocardiograms and 24-hour 
Holter monitor studies, all available medical records of 
patients were reviewed. Premature atrial depolarizations 
were not considered to represent supraventricular dys- 
rhythmias, because of their ubiquity. Patients’ weights 
were compared with gender- and height-predicted ideal 
body weights, as determined from 1983 Metropolitan 
height and weight tables for adults. Obesity was defined 
as >10% more than maximum ideal body weight. Elec- 
trocardiograms were reviewed with particular attention 
to evidence of abnormal P-wave configuration, including 
increased amplitude (>2.5 mm in lead II) and duration 
(>100 ms), and the characteristic “dome and dip” pat- 
tern in leads II, III and AVF, as previously associated 
with LHAS. 

Available TTE was retrospectively reviewed in blind- 
ed fashion for evidence of LHAS. LHAS was identified 
by criteria identical to those used for TEE, but in the 
subcostal view.4 Using the determination of LHAS by 
TEE as a standard, sensitivity and specificity of TTE for 
this diagnosis were tabulated, together with calculations 
of positive and negative predictive values. 

Two-tailed unpaired Student t tests for unequal 
groups were used to compare atrial septal thickness, age 
and percentage above ideal body weight between the 
groups with and without LHAS. Sample means were 
reported + SD. Chi-square tests were used to compare 
frequencies of obesity, supraventricular dysrhythmias, 
abnormal P waves, male or female gender, and advanced 


TABLE I Characterization of the Patient Group with Confirmed Lipomatous Hypertrophy of 
the Atrial Septum by Transesophageal Echocardiography 


% > \deal 
Body 
Weight 


Supra- 
ventricu ar 
Arrhythmia 


Age 
(yr) 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 


— — 


AF/flutter 


_ 
Nh 


Atrial 
Septum 
(mm) 
TTE 
Result 


P-Wave 
Configuration 


Normal Negative 
Normal — 
— LHAS 
Normal — 
Normal Negative 
Dome and dip Negative 
Normal Negative 
Normal — 
— Negative 
Normal LHAS 
Left atrial Negative 
abnormality 
Dome and dip -- 


AF = atrial fibrillation; Al = anteroinferior; LHAS = lipomatous hypertrophy of the atrial septum; Negative = LHAS not 
detected by TTE; PS = posterosuperior; TTE = transthoracic echocardiography. 
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age between the LHAS and normal groups. Pearson cor- 
relation coefficients were calculated to measure the as- 
sociation in the entire population between atrial septal 
thickness, and age and percentage above ideal body 
weight. A p value <0.05 was considered significant. 

Characteristics of the patients with LHAS are listed 
in Table I. The mean atrial septal thickness of 19.4 + 2.9 
mm in the LHAS group was significantly greater than 
that (7.5 + 2.0; p <0.001) in the normal group (Figures 1 
and 2). In both groups, no significant difference was 
observed between the thicknesses measured in the an- 
teroinferior and posterosuperior aspects of the atrial 
septum (Table I). 

TTE was available in 116 of the 158 TEE patients. 
TTE was technically inadequate to measure atrial septal 
thickness in 9 of these patients owing to incomplete visu- 
alization of the interatrial septum in the subcostal view. 
Thus, 107 patients had both TTE and TEE available for 
comparison. TEE had detected LHAS in 8 of these pa- 
tients. In comparison with the diagnosis of LHAS by 
TEE, TTE was found to have a diagnostic sensitivity of 
25%, specificity of 91%, and positive and negative pre- 
dictive values of 18 and 94%, respectively. TTE had a 
high false-negative rate (6 of 8, 75%), as well as a signif- 
icant false-positive rate (9 of 99, 9.1%). 

No significant difference was observed in the inci- 
dence of supraventricular dysrhythmias in the LHAS (7 
of 12, 58%) and normal (77 of 146, 53%) groups. Supra- 
ventricular dysrhythmias observed included atrial fibril- 
lation and flutter, and paroxysmal atrial tachycardia. 
Atrial fibrillation or flutter, or both, was the most fre- 
quent supraventricular dysrhythmia in both groups, oc- 
curring in 100% of LHAS patients and in 94% of normal 
patients who had supraventricular dysrhythmias. No 
episodes of sudden death were noted after up to 12 
months of follow-up in the LHAS group. 

Twelve-lead electrocardiograms were available for 
review in 10 of 12 patients with LHAS and in 117 of 146 
in the normal group. Characteristic dome and dip P 
waves were seen in 2 of 10 patients with LHAS (20%), 
but in no patient with a normal atrial septum (p <0.001). 





FIGURE 1. Transesophageal echocardiographic study of nor- 
mal patient, demonstrating normal appearance and thickness 
of interatrial septum. Note tapering, wedge-shaped configura- 
tion (arrow) on each side of fossa ovalis. Markers along edges 
of ultrasound window represent 1 cm increments. LA = left 
atrium; RA = right atrium. 


No significant difference was observed in the frequen- 
cy of obesity between the LHAS (6 of 12, 50%) and 
normal (60 of 144, 42%) groups. A relatively weak cor- 
relation was found between atrial septal thickness and 
percentage above ideal body weight (r = 0.105) for the 
entire study group. 

No significant differences in age or gender distribu- 
tion were observed between the LHAS and normal 
groups. The correlation between atrial septal thickness 
and age was quite poor for the patient population as a 
whole (r = 0.075). Furthermore, no significant differ- 
ences were noted between the 2 groups in the frequencies 
of other cardiac or noncardiac diagnoses. 

Our data show that LHAS is an infrequently observed 
but readily recognized entity by TEE. It was clearly dis- 
tinguishable by TEE owing to a greater mean atrial sep- 
tal thickness in the LHAS patients compared with that in 
the normal group, and by the consistent dumbbell shape 
of the interatrial septum. The greater prevalence of 
LHAS in patients referred for TEE in our study (7.6%) 
compared with the 0.5 to 3% suggested in previous stud- 
ies*-*,’.!0 may be explained by this improved ability to 
detect LHAS. 

Previous studies did not, to our knowledge, attempt to 
define the diagnostic use of TTE in identification of 
LHAS. In our study, the low sensitivity of TTE for this 
diagnosis may be explained by the limited resolution and 
contrast characteristics of TTE compared with those of 
TEE. The low positive predictive value of TTE may not 
have been unexpected given the low prevalence of LHAS. 
However, the high negative predictive value, also partial- 
ly explained by the low prevalence of LHAS, suggests 
that the absence of evidence of this condition on TTE is 
generally a reliable finding. 

The 58% prevalence of supraventricular dysrhythmias 
associated with LHAS in our study is similar to that 
previously reported.*->-’8!! The fact that no difference 
was found between the LHAS group and the group with 
normal atrial septal thickness may be explained by the 





FIGURE 2. Transesophageal echocardiographic study of pa- 
tient with lipomatous hypertrophy of the interatrial septum. 
Note echodense, “dumbbell” configuration of septum, with 
sparing of central fossa ovalis (arrow) between adjacent areas 
of adipose tissue accumulation. LA = left atrium; LV = left 
ventricle; RA = right atrium; RV = right ventricle. 
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high incidence of atrial fibrillation or flutter, or both, in 
both groups. This dysrhythmia was a frequent reason for 
referral for TEE (to search for left atrial thrombus). 
The 20% prevalence of dome and dip P-wave configu- 
ration in our study is comparable to that previously re- 
ported.3-5.7.8:!! Obesity, age, gender and concurrent car- 
diac or noncardiac disease did not appear to have any 
significant association with LHAS in our study. This is in 
contrast to previous reports that suggested an association 
with both obesity and advanced age.'~’ The high preva- 
lence of obesity and advanced age in our TEE referral 
population may have obscured any true differences. 
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Spontaneous Disappearance of Cough Induced by Angiotensin- 
Converting Enzyme Inhibitors (Captopril or Enalapril) 


Leonardo Reisin, MD, and Adam Schneeweiss, MD 


Cre is a disturbing adverse effect of angiotensin- 
converting enzyme (ACE) inhibitors. Its incidence 
was found to be very low in postmarketing surveillance 
studies, but much higher (up to 19%) in studies specifical- 
ly designed to detect it.!“* Cough was reported to be the 
leading cause for discontinuation of ACE inhibitors.’ It is 
usually persistent and dry, and occasionally may be cause 
vomiting. It is typically accompanied by a tickling sensa- 
tion in the throat and rapidly disappears after discontinu- 
ation of ACE inhibitors. The exact mechanism of this 
adverse effect is unknown. The purpose of this report is to 
describe the patterns of cough induced by ACE inhibi- 
tors, emphasizing 3 new patterns in which cough sponta- 
neously disappears permanently or intermittently. 

The files of 245 consecutive patients who were treated 
with ACE inhibitors (captopril or enalapril) and ob- 
served at outpatient clinics were reviewed to identify 
those reporting persistent dry cough. Only patients who 
had persistent cough for =2 months were included for 
further evaluation to exclude even a remote possibi lity of 
an undetected acute cause of cough not related to ACE 
therapy. Patients were assessed for the following factors: 
onset of cough, type (dry or productive), tickling sensa- 
tion in throat, severity, presence or absence of other 
causes, duration of treatment before onset, persistence, 
duration before any changes in pattern, changes in thera- 
py, concomitant therapy and present condition. 

The study comprised 62 patients (38 men and 24 
women, mean age 65 + 9 years) with cough persisting 
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for =2 months. Twenty-seven patients had hypertension, 
22 had heart failure, and 13 had both. Patients were 
administered captopril (25 to 75 mg/day) or enalapril (5 
to 20 mg/day). 

Six patterns of cough were observed: (1) cough dis- 
appeared after discontinuation of ACE inhibitor (n = 16; 
25.8%); (2) ACE inhibitor was continued, and cough 
persisted (n = 14; 22.6%); (3) other causes for cough 
apart from ACE inhibitors (n = 7; 11 3%); (4) cough 
resolved spontaneously after 2 to 8 months (mean 4 + 
1.7) of therapy, despite continued and unaltered admin- 
istration of ACE inhibitors, and without any therapy 
aimed at its suppression (n = 17; 27.4%) (all patients 
were followed for =3 months after disappearance of 
cough, and no recurrences were observed); (5) develop- 
ment of intermittent cough, with cough-free periods of 2 
weeks to 3 months (n = 4; 6.5%); and (6) cough was 
markedly attenuated during continued unaltered treat- 
ment (n = 4; 6.5%). Tickling sensation in the throat was 
found in 58 patients; 3 of the 4 who did not have this 
symptom were in group 5 (intermittent cough). 

No significant difference was found between groups 2 
and 4, or between groups 2 and groups 4, 5 and 6 com- 
bined (i.e., between patients with and without continued 
persistent cough) in any of the clinical parameters. 

We described 6 patterns of dry cough in patients 
treated with ACE inhibitors. In 5 patterns, cough was 
directly and exclusively related to ACE therapy. Three of 
these patterns (i.e., spontaneous disappearance of cough, 
intermittent cough and marked attenuation of cough) 
were not described previously in association with ACE 
inhibitors. In our series, cough disappeared, or became 
attenuated or intermittent in 64% of patients who had no 
other cause for it and continued to receive ACE inhibi- 
tors. 
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Our group of patients is compatible to other reported 
series regarding age, incidence of cough and its clinical 
presentation. The incidence of cough in our series was in 
the higher range reported in the literature.!“© Excluding 
patients with other causes for cough, the incidence of this 
adverse effect was 22.4%. 

Yeo and Ramsay! reported that cough was the most 
frequent reason for withdrawal of enalapril in a series of 
136 patients. Six percent of their patients had to discon- 
tinue the drug because of cough. However, not all their 
patients who developed cough discontinued the drug. 
This approach was also used by other investigators.° 
However, other investigators recommended discontinua- 
tion of ACE inhibitors after cough related to their use 
was diagnosed.° In view of the high incidence of this 
adverse effect, this approach could deprive an unaccept- 
able percentage of patients from the benefit of ACE 
inhibitors. Our approach was different. We continued 
ACE whenever possible, unless cough became intoler- 
able. This approach allowed us to detect the various pat- 
terns of ACE-inhibitor-induced cough. 


In conclusion, cough induced by ACE inhibitors often 
resolves or becomes intermittent during continued thera- 
py. Therefore, the development of cough should not be an 
indication for immediate discontinuation of these agents. 
However, it should be remembered that disappearance of 
cough may take months. Faster ways to help patients who 
develop cough, such as switching to new ACE inhibitors 
that may cause less cough, should be investigated. 
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Frequency of Stress-Induced Thallium-201 Defects in Patients with 
Patent Internal Mammary Artery to the Left Anterior Descending 


Coronary Artery Graft 


Milena J. Henzlova, MD, Vera Bittner, MD, Eva Dubovsky, MD, Hrudaya Nath, MD, and 


Gerald M. Pohost, MD 


oronary artery revascularization with the internal 

mammary artery (IMA) was proposed 25 years ago. 
Initial enthusiasm was tempered by reports pointing to 
the higher absolute flow and better flow characteristics of 
venous grafts. However, long-term follow-up of several 
large cohorts of patients proved IMA superior to venous 
grafts, with a lower incidence of cardiac events and better 
actuarial patient survival.! The role of myocardial perfu- 
sion imaging in the follow-up of patients with IMA grafts 
has not been defined. 

Ina 13-month period, 113 patients previously revas- 
cularized with the IMA underwent coronary angiogra- 
phy. Twenty-six of these patients (19 men and 7 women, 
mean age 57 + 9 years) underwent thallium imaging. 
The time from angiography to imaging was 19 + 25 
days, and from surgery to angiography 31 + 23 months. 
Twenty patients underwent a symptom-limited thallium 
exercise test, and 6 underwent a dipyridamole-thallium 
stress test. No patient had a cardiac event or underwent 
any revascularization procedure between angiography 
and thallium imaging. The indication for both tests was 
chest pain suspected to be ischemic. 

At angiography, the coronary arteries and venous 
aortocoronary grafts (if present) were visualized in mul- 
tiple standard views, and the IMA in 3. Cineangiograms 
were analyzed by 2 observers unaware of the imaging 
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findings. The following parameters were noted: (1) pres- 
ence of IMA graft stenosis, (2) occlusion of proximal left 
anterior descending (LAD) artery, (3) presence of distal 
LAD artery stenosis (>50% luminal narrowing), (4) 
presence of collaterals to the LAD artery territory, and 
(5) presence of a patent venous graft to the LAD artery 
territory. During the exercise stress test, standard indi- 
cations for early stress test termination were observed. 
Dipyridamole (0.56 mg/kg) was intravenously injected 
over 4 minutes. No patient was receiving aminophylline 
preparations 24 hours before dipyridamole infusion. At 
peak exercise or 5 minutes after dipyridamole infusion, 
3 mCi of thallium-201 were injected. Early imaging was 
begun within minutes after thallium administration, and 
delayed imaging was performed 3 to 4 hours later. Pla- 
nar imaging was performed in 20 patients in 3 standard 
views. The imaging time was 400 seconds/view. Images 
were acquired ina 64 X 64 matrix, a 20% energy window 
was centered on the mercury peak, and the camera was 
equipped with a low-energy, all-purpose collimator. 
Single-photon emission computed tomography was per- 
formed in 6 patients. A single-headed camera with 180° 
circular orbit was used for image acquisition ina 64 X 64 
matrix. Transaxial reconstruction was performed using 
the back-projection technique with a Butterworth filter 
(order of 4 and cutoff of 40%). Tomographic slices were 
reconstructed in short, horizontal and vertical long axes. 
Images were interpreted by 2 observers unaware of angi- 
ographic findings. The septal, anterior and anterolateral 
segments were assigned to the LAD artery territory. The 
apical defects were assigned to the LAD artery territory 
only if they were adjacent to a septal, anterior or antero- 
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TABLE | Demographic, Angiographic, and Stress Test 
Variables in Patients With and Without Reversible Thallium 
Perfusion Defects 


Reversible Noor 
Defects Fixed Defects 
(n = 16) (n = 8) 


Age (yr) 

Men (%) 

Time from surgery 
(mos) 

Proximal LAD 
occlusion (%) 

Distal LAD 
stenosis (%) 

Collaterals to 
LAD territory (%) 

Patent venous 13 
graft (%) 

Peak HR achieved 140 + 27* 145 + 185 
(beats/min) 

Positive stress 63 0 
test (%) 


*14 patients; t6 patients. 
HR = heart rate; LAD = left anterior descending artery. 





lateral wall defect. Visual interpretation was verified 
using a quantitative program for both planar and tomo- 
graphic images. Perfusion defects absent or improved on 
the delayed images were considered to indicate hypoper- 
fusion or ischemia, unchanged defects indicated scar 
tissue. Reinjection and/or 24-hour imaging were not per- 
formed. For comparisons, standard paired and unpaired 
t tests, and chi-square test were used. A p value <0.05 
was considered significant. 

All 26 IMA grafts were patent; 2 had distal anasto- 
motic stenosis. In 5 patients, the LAD artery had distal 
stenosis. All patients had multivessel coronary artery 
disease. Reversible defects were observed in the LAD 
artery distribution in 18 patients (69%), fixed defects in 
6 (23%), and none in 2 (8%). All reversible defects were 
mild or moderate. The incidence of reversible defects was 
similar in patients who exercised or received dipyrida- 
mole (70 vs 67%; p >0.05). Both patients with distal 
IMA stenosis had reversible defects. After exclusion of 
these 2 patients, the incidence of reversible defects was 
67% (16 of 24); after the additional exclusion of 5 pa- 
tients with distal LAD artery stenosis, the incidence was 
63% (12 of 19). 

Analysis of demographic, angiographic and stress 
test variables in 24 patients with stenosis-free IMA 
grafts (Table I) revealed that patients with reversible 
defects were older (59 vs 50 years; p = 0.03). Of 16 
patients with reversible defects, 10 (63%) developed 
chest pain, ST depression, or both: 12 with exercise, 4 
with dipyridamole infusion. Chest pain developed in 6 
patients, horizontal ST depression in 5, and 1 electrocar- 
diogram was nondiagnostic owing to left bundle branch 
block. None of the patients without reversible thallium 
defects (n = 8) developed chest pain or ST depression. 

The incidence of postoperative reversible perfusion 
defects in patients with patent venous grafts was reported 
to be 0 to 23%; ischemia was detected in 10 of 23 patients 
by Greenberg et al.? In all cases, the finding was ex- 
plained by graft occlusion, incomplete revascularization 


or distal disease. Hirzel et al? observed reversible defects 
in 8 of 35 patients (23%) with patent venous grafts. Isch- 
emia was detected in 16 of 77 patent graft territories 
(14%) in 48 patients studied by Wainwright et al.* Iskan- 
drian et alô did not observe any ischemia in 10 completely 
revascularized patients. Pfisterer et alf reported thallium 
redistribution in 3 of 34 patent graft territories (9%) in a 
group of 49 patients. Finally, Gibson et al’ reported a 47- 
patient series with a high venous graft patency rate (90% 
overall, and 98% of LAD grafts). Only 14 of 287 patent 
graft territories (5%) demonstrated transient thallium 
defects. 

In the presence of a fully patent coronary artery graft, 
exercise- or dipyridamole-induced perfusion defects may 
be related to incomplete revascularization, progression of 
proximal native artery disease, functional inadequacy of 
the graft, or poor runoff. Characteristics of the native 
LAD artery were similar in patients with and without 
reversible thallium defects. Angiographic underestima- 
tion of the extent of atherosclerotic disease was previously 
described. Furthermore, complete visualization of all cor- 
onary branches was not always possible, because of either 
competitive flow in a native vessel and a graft, or proxi- 
mal coronary artery occlusion. The time from surgery 
was similar in both groups of patients. However, patients 
with reversible defects were older, indicating perhaps 
more extensive coronary atherosclerosis. The higher fre- 
quency of positive stress tests appears to support an isch- 
emic origin of the defects, but because all patients had 
multivessel disease, this finding is of limited value in the 
assessment of IMA graft functional competence. 

Our observations are limited by the small number of 
patients, and by heterogeneity of the stressors and imag- 
ing techniques. Also, a referral bias is likely because only 
symptomatic patients were studied. However, the group 
is representative of postoperative patients referred for 
perfusion imaging for recurrence of symptoms. Despite 
our inability to explain the mechanism and long-term 
clinical significance of the findings, we demonstrated that 
the presence of reversible thallium defects in the LAD 
territory in patients with an IMA bypass graft is not a 
specific indicator of the graft closure of stenosis. 
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BRIEF SUMMARY 


CARDIZEM® CD (diltiazem hydrochloride) Capsules 
CARDIZEM® SR (diltiazem hydrochloride) Sustained Release Capsules 
CONTRAINDICATIONS 
CARDIZEM is contraindicated in (1) patients with sick sinus syndrome except in 
the presence of a functioning ventricular pacemaker, (2) patients with 
second- or third-degree AV block except in the presence of a functioning 
ventricular pacemaker, (3) patients with hypotension (less than 90 mm Hg 
neces ), (4) patients who have demonstrated hypersensitivity to the drug, 
(5) patients with acute myocardial infarction and pulmonary congestion 
hh id nee by X-ray on admission. 
WARNINGS 
1. Cardiac Conduction. CARDIZEM prolongs AV node refractory periods 
without significantly prolonging sinus node recovery time, except in patients 
with sick sinus syndrome. This effect may rarely result in abnormally slow heart 
rates (particularly in patients with sick sinus syndrome) or second- or third- 
degree AV block (13 of 3,007 patients or 0.43%). Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal's angina developed periods of 
asystole (2 to 5 seconds) after a single dose of 60 mg of diltiazem. 
2. Congestive Heart Failure. Although diltiazem has a negative inotropic effect 
in isolated animal tissue preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/dt). An acute study of oral 
diltiazem in patients with impaired ventricular function (ejection fraction 24% 
+ 6%) showed improvement in indices of ventricular function without 
significant decrease in contractile function (dp/dt). Worsening of congestive 
heart failure has been reported in patients with preexisting impairment of 
ventricular function. Experience with the use of CARDIZEM in combination 
with beta-blockers in patients with impaired ventricular function is limited. 
Caution should be exercised when using this combination. 
3. Hypotension. Decreases in blood pressure associated with CARDIZEM 
therapy may occasionally result in symptomatic hypotension. 
4. Acute Hepatic Injury. Mild elevations of transaminases with and without 
concomitant elevation in alkaline phosphatase and bilirubin have been 
observed in clinical studies. Such elevations were usually transient and 
frequently resolved even with continued diltiazem treatment. In rare 
instances, significant elevations in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute hepatic injury have 
been noted. These reactions tended to occur early after therapy initiation (1 
to 8 weeks) and have been reversible upon discontinuation of drug therapy. 
The relationship to CARDIZEM is uncertain in some cases, but probable in 
some. (See PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM is extensively metabolized by the liver and excreted by 
the kidneys and in bile. As with any drug given over prolonged periods, 
laboratory parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or hepatic 
function. In subacute and chronic dog and rat studies designed to produce 
toxicity, high doses of diltiazem were associated with hepatic damage. In 
special subacute hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which were reversible 
when the drug was discontinued. In dogs, doses of 20 mg/kg were also 
associated with hepatic changes; however, these changes were reversible 
with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) may be transient and 
may disappear despite continued use of CARDIZEM. However, skin eruptions 
progressing to erythema multiforme and/or exfoliative dermatitis have also 
been infrequently reported. Should a dermatologic reaction persist, the drug 
should be discontinued. 

Drug interaction. Due to the potential for additive effects, caution and careful 
titration are warranted in patients receiving CARDIZEM concomitantly with any 
agents known to affect cardiac contractility and/or conduction. (See 
WARNINGS.) Pharmacologic studies indicate that there may be additive effects 
in prolonging AV concuction when using beta-blockers or digitalis 
concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating patients with 
multiple medications. CARDIZEM undergoes biotransformation by cytochrome 
P-450 mixed function oxidase. Coadministration of CARDIZEM with other 
agents which follow the same route of biotransformation may result in the 
competitive inhibition of metabolism. Dosages of similarly metabolized drugs 
such as cyclosporin, particularly those of low therapeutic ratio or in patients 
with renal and/or hepatic impairment, may require adjustment when starting 


CCDAH087/A6672 


or stopping concomitantly administered CARDIZEM to maintain optimum 
therapeutic blood levels 

Beta-blockers: Controlled and uncontrolled domestic studies suggest that 
concomitant use of CARDIZEM and beta-blockers is usually well tolerated, but 
available data are not sufficient to predict the effects of concomitant 
treatment in patients with left ventricular dysfunction or cardiac conduction 
abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) concomitantly with 
propranolol in five normal volunteers resulted in increased propranolol levels 
in all subjects and bioavailability of propranolol was increased approximately 
50%. If combination therapy is initiated or withdrawn in conjunction with 
propranolol, an adjustment in the propranolol dose may be warranted. (See 
WARNINGS ) 


Cimetidine: A study in six healthy volunteers has shown a significant increase 
in peak diltiazem plasma levels (58%) and area-under-the-curve (53%) after a 
1-week course of cimetidine at 1,200 mg per day and diltiazem 60 mg per 
day. Ranitidine produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine’s known inhibition of hepatic cytochrome P-450, the 
enzyme system probably responsible for the first-pass metabolism of 
diltiazem. Patients currently receiving diltiazem therapy should be carefully 
monitored for a change in pharmacological effect when initiating and 
discontinuing therapy with cimetidine. An adjustment in the diltiazem dose 
may be warranted. 
Digitalis: Administration of CARDIZEM with digoxin in 24 healthy male subjects 
increased plasma digoxin concentrations approximately 20%. Another 
or found no increase in digoxin levels in 12 patients with coronary 
artery disease. Since there have been conflicting results regarding the effect of 
digoxin levels, it is recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to avoid possible 
over- or under-digitalization. (See WARNINGS.) 
Anesthetics: The depression of cardiac contractility, conductivity, and 
automaticity as well as the vascular dilation associated with anesthetics may 
be potentiated by calcium channel blockers. When used concomitantly, 
anesthetics and calcium blockers should be titrated carefully. 
Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study in 
rats at oral dosage levels of up to 100 mg/kg/day, and a 21-month study in 
mice at oral dosage levels of up to 30 mg/kg/day showed no evidence of 
carcinogenicity. There was also no mutagenic response in vitro or in vivo in 
mammalian cell assays or in vitro in bacteria. No evidence of impaired fertility 
was observed in a study performed in male and female rats at oral dosages of 
up to 100 mg/kg/day. 
Pregnancy. Category C. Reproduction studies have been conducted in mice, 
rats, and rabbits. Administration of doses ranging from five to ten times greater 
(on a mg/kg basis) than the daily recommended therapeutic dose has resulted 
in embryo and fetal lethality. These doses, in some studies, have been 
reported to cause skeletal abnormalities. In the perinatal/postnatal studies, 
there was an increased incidence of stillbirths at doses of 20 times the human 
dose or greater. 
There are no well-controlled studies in pregnant women; therefore, use 
CARDIZEM in pregnant women only if the potential benefit justifies the 
potential risk to the fetus 
Nursing Mothers. Diltiazem is excreted in human milk. One report suggests 
that concentrations in breast milk may approximate serum levels. If use of 
CARDIZEM is deemed essential, an alternative method of infant feeding should 
be instituted. 
Pediatric Use. Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
Serious adverse reactions have been rare in studies carried out to date, but it 
should be recognized that patients with impaired ventricular function and 
cardiac conduction abnormalities have usually been excluded from these 
studies 


The adverse events described below represent events observed in clinical 
studies of hypertensive patients receiving either CARDIZEM Tablets or 
CARDIZEM SR Capsules as well as experiences observed in studies of angina 
and during marketing. The most common events in hypertension studies are 
shown in a table with rates in placebo patients shown for comparison. Less 
common events are listed by body system; these include any adverse 
reactions seen in angina studies that were not observed in hypertension 
studies. In all hypertensive patients taking CARDIZEM Tablets or CARDIZEM SR 
Capsules studied (over 900), the most common adverse events were edema 
(9%), headache (8%), dizziness (6%), asthenia (5%), sinus bradycardia (3%), 
flushing (3%), and first-degree AV block (3%). Only edema and perhaps 
bradycardia and dizziness were dose related. 


MARION MERRELL DOW INC. 
7 Bw SAS ELEY MO TEER 





DOUBLE BLIND PLACEBO CONTROLLED HYPERTENSION TRIALS 


ADVERSE DILTIAZEM PLACEBO 
N=315 N=211 
# PTS (%) # PTS (%) 
Headache 38 (12%) 17 (8%) 
AV Block First Degree 24 (7.6%) 4 (1.9%) 
Dizziness 22 (7%) 6 (2.8%) 
Edema 19 (6%) 2 (0.9%) 
Bradycardia 19 (6%) 3 (1.4%) 
ECG Abnormality 13 (4.1%) 3 (1.4%) 
Asthenia 10 (3.2%) 1 (0.5%) 
Constipation 5 (1.6%) 2 (0.9%) 
Dyspepsia 4 (1.3%) 1 (0.5%) 
Nausea 4 (1.3%) 2 (0.9%) 
Palpitations 4 (1.3%) 2 (0.9%) 
Polyuria 4 (1.3%) 2 (0.9%) 
Somnolence 4 (1.3%) — 
Alk Phos Increase 3 (1%) 1 (0.5%) 
Hypotension 3 (1%) 1 (0.5%) 
Insomnia 3 (1%) 1 (0.5%) 
Rash 3 (1%) 1 (0.5%) 
AV Block Second Degree 2 (0.6%) = 


The following table presents the most common adverse reactions reported in 
placebo-controlled trials in patients receiving CARDIZEM CD up to 360 mg with 
rates in placebo patients shown for comparison. 


ADVERSE REACTION CARDIZEM CD PLACEBO 
N=324 N=175 

HEADACHE 9.0% 8.0% 
BRADYCARDIA 4.3% 2.3% 
EDEMA 3.7% 2.3% 
DIZZINESS 3.1% 3.4% 
ECG ABNORMALITY 3.1% 2.9% 
AV BLOCK FIRST DEGREE 2.2% — 
ASTHENIA 1.9% 1.7% 


In clinical trials of CARDIZEM CD Capsules, CARDIZEM Tablets, and CARDIZEM SR 
Capsules involving over 3000 patients, the most common events (ie, greater 
than 1%) were edema (4.9%), headache (4.9%), dizziness (3.5%), asthenia 

(2.7%), pe AV block (2.2%), bradycardia (1.6%), flushing (1.5%), 

nausea (1.4%), rash (1.3%), and dyspepsia ( (1.2%). 

In addition, the following events were reported infrequently (less than 1%). 

Cardiovascular: Angina, arrhythmia, AV block (second- or third-degree), bundle 
branch block, congestive heart failure, ECG abnormalities, hypotension, 
palpitations, syncope, tachycardia, ventricular extrasystoles. 

Nervous System: Abnormal dreams, amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, paresthesia, personality change, 
somnolence, tinnitus, remor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dry mouth, dysgeusia, mild 
elevations of SGOT, SGPT, LDH, and alkaline phosphatase (see hepatic 
wamings), thirst, vomiting, weight increase. 

ical: Petechiae, photosensitivity, pruritus, urticaria. 

Other: Amblyopia, CPK increase, dyspnea, epistaxis, eye irritation, 
hyperglycemia, hyperuricemia, impotence, muscle cramps, nasal 
congestion, nocturia, osteoarticular pain, polyuria, sexual difficulties. 

The following postmarketing events have been reported infrequently in 
patients receiving CARDIZEM: alopecia, erythema multiforme, exfoliative 
dermatitis, extrapyramidal symptoms, gingival hyperplasia, hemolytic anemia, 
increased bleeding time, leukopenia, purpura, retinopathy, and 
thrombocytopenia. In addition, events such as myocardial infarction have 
been observed which are not readily distinguishable from the natural history 
of the disease in these patients. A number of well-documented cases of 
generalized rash, characterized as leukocytoclastic vasculitis, have been 
reported. However, a definitive cause and effect relationship between these 
events and CARDIZEM therapy is yet to be established. 

HOW SUPPLIED 

CARDIZEM® CD (diltiazem hydrochloride) is available as capsules of 180 mg, 240 

mg, and 300 mg in bottles of 30 and 90, and in UDIP® packages of 100. 

CARDIZEM® SR (diltiazem hydrochloride) is available as sustained release capsules 

of 60 mg, 90 mg, and 120 mg in bottles of 100, and in UDIP® packages of 100. 


CARDIZEM® CD Product Information as of October 1991 
CARDIZEM® SR Product Information as of January 1991 


References: 1. Data on file, Manon Merrell Dow Inc. 2, Cramer JA, Mattson RH, 
Prevey ML, et al. JAMA. 1989-961(22).3973-3274 
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Angiographic Follow-Up After Internal Mammary Artery Graft 


Angioplasty 


Michael H. Sketch, Jr., MD, Peter J. Quigley, MD, Jose A. Perez, MD, Charles J. Davidson, MD, 
Joseph B. Muhlestein, MD, James E. Herndon, Il, PhD, Donald D. Glower, MD, Harry R. Phillips, MD, 


Robert M. Califf, MD, and Richard S. Stack, MD 


nternal mammary artery (IMA) grafts are increasing- 

ly being used in the treatment of coronary artery dis- 
ease. These conduits have been shown to have a low 
frequency of atherosclerotic narrowing, a high long-term 
patency rate, and a substantial beneficial effect on the 
survival of patients undergoing surgical myocardial re- 
vascularization.'~4 Because the patency of the IMA graft 
is critical to long-term patient survival, stenosis of this 
graft postoperatively is a major clinical problem. The low 
graft attrition rate has limited our knowledge of the role 
of percutaneous transluminal coronary angioplasty in the 
treatment of IMA graft stenoses. Documentation of the 
safety and efficacy of IMA graft angioplasty has been 
limited to isolated case reports and series involving small 
numbers of patients with low angiographic follow-up 
rates.°-!! This study describes our experience regarding 
the clinical and angiographic outcome after angioplasty 
of IMA graft stenoses in a consecutive series of patients 
with a high rate of angiographic follow-up. 

The study group comprised all patients undergo- 
ing percutaneous transluminal coronary angioplasty of 
IMA bypass grafts at Duke University Medical Center 
and the Durham Veterans Administration Medical Cen- 
ter during a 58-month period. All patients discharged 
from the hospital with a successful angioplasty proce- 
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dure were prospectively enrolled in a program of 6- 
month clinical and angiographic evaluation. 

Demographic, clinical, angiographic and procedural 
data were prospectively recorded and entered in a com- 
puterized data base. Angiograms were analyzed visually 
by a panel of =3 experienced angiographers. Coronary 
artery luminal diameter narrowing was graded on an 
ordinal scale (i.e., 0, <25, 25, 50, 75, 95 and 100%), 
as previously described.'? The coronary angiographic 
methods used in this study were validated in a previous 
angiographic-pathologic study.” Success was defined as 
<50% residual diameter stenosis without complication 
during subsequent hospitalization. Dissections were de- 
fined as major if they extended >1 balloon length or 
compromised blood flow, or both. Restenosis was de- 
fined as >50% luminal diameter narrowing at the previ- 
ously successful angioplasty site. 

Symptoms at the time of coronary angioplasty and at 
follow-up were divided into the following categories: (1) 
asymptomatic or atypical chest pain, (2) stable angina 
(no change in New York Heart Association functional 
class for >6 weeks), (3) progressive angina (increase in 
severity, frequency or duration of anginal symptoms <6 
weeks before presentation), and (4) unstable angina (an- 
ginal symptoms at rest needing admission to coronary 
care unit and intravenous nitroglycerin). 

Continuous data were summarized as the median 
(25th, 75th percentile). Frequencies and percentages 
with 95% confidence intervals (CI) were used to summa- 
rize categorical data, including restenosis (which is de- 
fined as a binary outcome variable [either present or 
absent|) for each patient. 


TABLE I| Characteristics of the 14 Patients 


Diagnostic Category Graft 
at Age 
Presentation (mos) 


Lesion 
Site 


1 
2 
3 
4 
5 
6 
7 
8 
9 


*Angiographic follow-up not obtained owing to renal insufficienc 


Before 


% Diameter 
Stenosis % Diameter 
Stenosis 


at F/U 


Diagnostic 
Category 
at F/U 


Angiographic 


After F/U Time (mos) 


aon oO ™ 


* 


~_ 
DONAR OCA‘ 


Asymp. = asymptomatic; B = body; DA = distal anastomosis; /U = follow-up; PA = progressive angina; SA = stable angina; UA = unstable angina. 
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Fourteen consecutive patients (86% men, median age 
56 years [51, 63]) underwent attempted angioplasty of 
an IMA graft (Table I). In this cohort, 3-vessel coronary 
artery disease was present in 9 patients, 2-vessel in 2, and 
1-vessel in 3. In the 12 patients with available ventriculo- 
grams, median left ventricular ejection fraction was 54% 
(48, 59). Median duration from previous bypass surgery 
to angioplasty was 8 months (3, 11). A left IMA was 
used in 13 patients and a right IMA in 1. Of 14 IMA 
stenoses, the distal anastomosis was involved in 13 
(93%), and the body was involved in 1 (7%). Concurrent 
multivessel angioplasty (1 saphenous vein and 3 native 
arteries) was performed in 4 (29%) of these patients. 

Early and late results of IMA angioplasty are listed 
in Table I. Initial success was achieved in 13 patients 
(93%; 95% CI 79 to 100%). The 1 unsuccessful case was 
due to an inability to cross an occlusion at the distal 
anastomosis. This patient was treated medically. There 
were no instances of abrupt occlusion, distal emboliza- 
tion or major dissection. No major cardiac events (myo- 
cardial infarction, emergency coronary artery bypass 
surgery or death) occurred. Figure 1 shows a representa- 
tive example of a successful angioplasty of anIMA graft 
at the distal anastomosis. 
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FIGURE 1. A, left anterior oblique arteriogram of significant 
internal mammary artery anastomosis lesion (arrow). B, left 
anterior oblique arteriogram of internal mammary artery 

anastomosis after successful angioplasty procedure (arrow). 





Of the 13 patients with a successfully dilated IMA, 
all underwent clinical follow-up at a median interval of 6 
months (6, 8). Twelve patients reported overall symp- 
tomatic improvement, whereas 1 reported no improve- 
ment. Despite symptomatic improvement, 6 of 12 pa- 
tients reported stable anginal symptoms. Progression of 
disease in either the native coronary arteries or vein 
grafts was documented in 3 patients at repeat angiogra- 
phy. In the patient with no improvement in symptoms, 
repeat angiography revealed no evidence of restenosis, 
but did reveal progression of native coronary disease. 
Angiographic follow-up was obtained in 12 of 13 pa- 
tients (92%) after a median interval of 6 months (6, 8). 
Repeat angiography was not performed in 1 patient ow- 
ing to renal insufficiency. Angiographic restenosis oc- 
curred in 1 of 12 patients (8%; 95% CI 0 to 24%). This 1 
restenosis occurred at a distal anastomosis. This patient 
was asymptomatic and was medically managed. 

The major findings of this study are that percutaneous 
transluminal coronary angioplasty of IMA grafts can be 
performed with a high rate of initial success (93%) and a 
low frequency of late restenosis (8%). 

The high rate of initial angioplasty success and the 
absence of complications are consistent with previous 
studies of IMA graft angioplasty (Table II).>-!! Shim- 
shak et alë reported an angiographic success rate of 94% 
and a clinical success rate of 92% in a series of 26 patients. 
In the series by Pinkerton et al,’ 12 of 13 IMA graft 
stenoses (92%) were successfully dilated. Hill et al? 
achieved a successful result in 9 of 11 patients, with 2 
failures due to incomplete balloon expansion and extreme 
angulation at the distal anastomosis preventing passage 
of the guidewire, respectively. Procedural difficulty due 
to tortuosity of the IMA was not encountered in our 
experience. Similar to the present study, no aforemen- 
tioned study reported any major cardiac events or evi- 
dence of distal embolization. 

In all previous studies of IMA graft angioplasty, long- 
term follow-up was primarily limited to clinical profiles 
(Table II). Whereas all but 1 of our patients were symp- 
tomatically improved at follow-up, approximately 50% 
continued to complain of some degree of angina. Al- 
though this is consistent with the 42% clinical restenosis 
rate reported by Pinkerton et al,’ it is well-recognized that 
clinical symptoms alone cannot be relied on as predictors 


TABLE II Previous Studies of Internal Mammary Artery Graft 
Angioplasty 
No. with 
Angiographic 
Follow-Up 
(%) 


Angiographic 
Restenosis 
Rate 
(%) 


Initial 
No. of Success 
Pts. (%) 


Pinkerton et al® 5 
Cote et al® 5 
Pinkerton et al? 13 
Shimshaketal® 26 
Hill et al? 11 
Bell et al10 7 
Dimas et all! 31t 28(90%) 
Current study 14 13 (93%) 

* Angiographic follow-up data not reported. 


Tincludes 3 patients who underwent dilatation of native vessel through internal 
mammary artery. 


5 (100%) 
5 (100%) 
12 (92%) 
24 (92%) 
9 (82%) 
7 (100%) 


1/8 (13%) 


8 (33%) 
* 


2 (29%) 
7 (25%) 
12 (92%) 


0/2 (0%) 
1/7 (14%) 
1/12 (8%) 
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of angiographic restenosis. Symptomatic restenosis may 
be particularly unreliable in this patient group owing to 
either progression of native coronary and vein graft dis- 
ease or ungraftable vessels. As with native vessel angio- 
plasty, angiographic follow-up is essential to document 
the true restenosis rate in these patients. No previous 
study performed systematic repeat angiography after an- 
gioplasty of IMA grafts. In 3 studies, recatheterization 
was performed in patients with progressive symptoms or 
an abnormal stress test.®!%!! Shimshak et alë performed 
repeat coronary arteriography in only 8 of 24 patients 
(33%) at a mean interval of 6.4 months; despite incom- 
plete angiographic follow-up, restenosis was infrequent, 
occurring in only 1 of 8 IMA grafts (13%) restudied. In 
our series, 12 of 13 patients (92%) eligible for long-term 
follow-up underwent repeat coronary arteriography, and 
only 1 (8%) had restenosis. 

Compared with the reported restenosis rates of 38 to 
53% for saphenous vein graft angioplasty,'*"'® IMA graft 
angioplasty appears to have a significantly better long- 
term outcome. Part of this discrepancy may be related to 
lesion location. In our experience, 93% of the IMA lesions 
involved the distal anastomosis, and restenosis occurred 
in only 1 of these cases. In saphenous vein grafts, Dorros 
et al!> reported an 80% restenosis rate at the proximal 
anastomotic site and only a 22% rate at the distal anasto- 
motic site. Douglas et al!® found similar saphenous vein 
graft restenosis rates. Thus, it appears that lesions involv- 
ing the distal anastomosis, whether in saphenous vein or 
IMA grafts, are less prone to restenosis. The explanation 
for this is unclear; however, it may be related to injury 
during mobilization of the graft, faulty anastomotic tech- 
nique, or differing tissue plasticity and healing character- 
istics at anastomoses compared with at other sites.!’ 

Because of increased mortality and morbidity with 
reoperation, percutaneous revascularization of IMA ste- 
noses appears to be a viable alternative. IMA graft angio- 
plasty is a safe and effective alternative, with an excellent 
early outcome and a low incidence of late restenosis. 
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Diagnostic Significance of Deep T-Wave Inversion Induced by Exercise 
Testing in Patients with Suspected Coronary Artery Disease 


Taishiro Chikamori, MD, Yoshinori L. Doi, MD, Takashi Furuno, MD, Yoshihiro Yonezawa, MD, and 


Toshio Ozawa, MD 


n the diagnosis of coronary artery disease (CAD), no 
uniform criteria has been established for T-wave 
changes during exercise testing,!- although deep T-wave 
inversion (similar to coronary T wave) often occurs dur- 
ing this test in patients with severe CAD.* The purpose of 
this study was to evaluate the prevalence and diagnostic 
implications of deep T-wave inversion that appears dur- 
ing exercise testing. 
Seven hundred and thirteen consecutive patients (527 
men and 186 women, aged 14 to 84 years, mean 59) who 
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were suspected of having CAD underwent both exercise 
testing and cardiac catheterization. Three hundred and 
seventy-eight patients (53%) had previous myocardial 
infarction. Two hundred and sixty-nine patients had 1- 
vessel, 120 had 2-vessel, 107 had 3-vessel and 42 had left 
main CAD; the remaining 175 had insignificant coronary 
artery narrowings. 

Treadmill exercise testing was performed with the 
patient off cardioactive medications, using a modified 
Bruce protocol.4 Chest pain, ST depression and submax- 
imal heart rate (85% of age-predicted maximal heart 
rate)? were regarded as indications for stopping exercise. 
Heart rate, blood pressure, 12-lead electrocardiography 
and symptoms at rest, during exercise and for at least the 
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FIGURE 2. Sites of deep T-wave inversion in precordial leads. 
Deep T-wave inversion was not observed in limb leads. 

LM = left main coronary artery disease; 1V, 2V and 3V = 1-, 
2- and 3-vessel coronary artery disease. 


first 5 minutes after exercise were recorded. Electrocar- 
diography soon after exercise was compared with that 
performed at rest for the magnitude of ST depression, 
which was measured at 80 ms after the J point. Further- 
more, the depth of the inverted T wave that appeared 
after exercise was measured, with T-P segment as the 
baseline. An inverted T wave =8 mm was defined as deep 
T-wave inversion. A cutoff point of 28 mm was set 
between previously described negative T waves =5 mm® 
and 210 mm 

Coronary angiography was performed in multiple 
oblique projections by the Judkins or Sones technique 
and was interpreted using the the criteria proposed by 
the American Heart Association.® 

Results are expressed as mean + 1 SD. Student's t 
test was used to compare means of continuous variables, 
and contingency tables were analyzed using a chi-square 
test. Statistical computations were performed using the 
SPSS-PC+ computer program. 

Downsloping ST depression =1 mm was observed in 
187 patients (26%), of whom 23 (3%) developed deep T- 
wave inversion =8 mm. Inverted T waves 25 and 10 mm 
were observed in 58 (8%) and 13 (2%) patients, respec- 
tively. After a marked ST depression of 2 to 8 mm, deep 
T-wave inversion appeared usually at 2 or 3 minutes in 


TABLE I Clinical Features and Findings of Exercise Testing in 
Patients with Significant Downsloping ST Depression 


Deep T-Wave 
Inversion (—) p 
(n = 164) Value 


Deep T-Wave 
Inversion (+) 
(n = 23) 


64+8 62 +9 

20 (87%)/3 (13%) 124 (76%)/40 (24%) 
13 (57) 76 (46) 
3.3: E 44+18 


Age (yr) 
Men/women 
Previous MI 
Duration of 
exercise 
(min) 
Chest pain 
HR at rest 
(beats/min) 
HR at peak 
exercise 
(beats/min) 
BP at rest 
(mm Hg) 
BP at peak 
exercise 
(mm Hg) 
HR x BP 
at peak 
exercise 
(x 1,000) 
ST depression 
(mm) 


13 (57%) 
68 + 10 


90 (55%) 
ra N Ey 


115 2:22 128.4 19 


144 + 27 138 + 20 


167 + 28 





BP = blood pressure; HR = heart rate; MI = myocardial infarction; NS = not 
significant. 





the recovery period and remained for 2 to 10 minutes. 
The depth of inverted T wave reached its maximum at 3 
to 5 minutes (mean 11 + 3 mm). A typical case is shown 
in Figure 1. Deep T-wave inversion was observed pre- 
dominantly in leads V4 and Vs, whereas it was not in V;, 
Vzor limb leads (Figure 2). In patients with downsloping 
ST depression, the duration of exercise was shorter, 
heart rate at peak exercise was slower and the magnitude 
of maximal ST depression was greater in those with than 
without deep T-wave inversion, whereas age, gender, 
previous myocardial infarction, heart rate and blood 
pressure at rest, and chest pain during the test were 
similar between the 2 groups (Table I). The duration 
of exercise and the magnitude of maximal ST depres- 
sion in patients with inverted T waves 28 and <10 mm 
were similar to those with inverted T waves =5 and <8 
mm, or 210 mm (3.8 + 0.9 vs 3.7 1.3 and 3.0 + 1.3 
minutes |p = not significant (NS)], respectively; and 3.4 
+ 1.3 vs 3.4 + 1.2 and 4.5 + 1.7 mm [p = NS], respec- 
tively). 


404 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 1, 1992 


Total patients 
(n=713) 


FIGURE 3. Extent of coronary artery dis- 
ease in relation to type of ST-T changes. 

= insignificant lesions; other abbrevia- 
tions as in Figure 2. 


inversion 


(n=164) 
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(n=23) 


The relation of the extent of CAD to the type of T- 
wave inversion is shown in Figure 3. Three-vessel or left 
main CAD was found in 21% of patients. Patients with 
deep T-wave inversion had a higher incidence of 3-vessel 
or left main CAD than those who had downsloping ST 
depression without deep T-wave inversion (83 vs 36%; p 
<0.0001); no significant coronary artery narrowing was 
observed in 8% of the latter group (Figure 3). When 
compared with patients who had deep T-wave inversion 
28 and <10 mm, those with inverted T-waves =5 and 
<8 mm had a lower incidence of 3-vessel and left main 
CAD, whereas those with T-wave inversion 210 mm had 
a similar incidence (9 of 10 vs 14 of 35 and 10 of 13 
[p = 0.005 and NS], respectively). When a cutoff point 
was determined as 5, 8 or 10 mm, inverted T waves =8 
mm had the highest specificity and a positive predictive 
value in identifying 3-vessel or left main CAD (Table IT). 
Of 23 patients with deep T-wave inversion, 13 had previ- 
ous myocardial infarction (3 anterior, 9 inferior and 1 
lateral). Most patients had 3-vessel or left main CAD 
with multiple severe narrowings in the 3 major coronary 
arteries or their branches. Three patients with 2-vessel 
CAD also had 99 or 100% narrowing in the right coro- 
nary artery and severe narrowings at the proximal por- 
tion of the left anterior descending or circumflex coro- 
nary artery. The remaining patient with I-vessel CAD 
had ST elevation followed by deep T-wave inversion and 
was suspected of having vasospastic angina induced by 
exercise testing. 

The present study demonstrated that although the 
incidence of deep T-wave inversion induced by exercise 
testing was low, it had high sensitivity (99%) and positive 
predictive value (83%) in the identification of 3-vessel or 
left main CAD. Furthermore, patients had multiple se- 
vere narrowings in the major coronary arteries or their 
branches. The depth of inverted T waves was important, 
because only 40% of patients with inverted T waves 25 
and <8 mm had 3-vessel or left main CAD. Thus, positive 
predictive value would decrease to 57% if a cutoff point of 
5 mm was used as the criterion for deep T-wave inversion 
(Table II). Although downsloping ST depression was 
regarded as a marker for severe CAD,!~ the positive 
predictive value of this marker alone in identifying 3- 
vessel or left main CAD was approximately 40% (half 
that yielded by deep T-wave inversion). Moreover, 8% of 
patients with downsloping ST depression did not have 
significant CAD. The importance of downsloping ST de- 
pression together with early onset and prolonged duration 
was reported previously in detecting 3-vessel or left main 








Positive 
Predictive 
Value (%) 


Depths of Inverted Sensitivity Specificity 
T Waves (%) (%) 


Positive predictive value = true positives/true + false positives; Sensitivity = 


number of true-positive detections/total number of positives in group tested; Specific- 
ity = number of true-negative detections/total number of negatives in group tested. 


CAD.*-!! However 3-vessel and left main CAD are not 
uniform in the severity of the disease, because of the 
different severity and site of coronary artery narrowings, 
which influence the outcome of treatment.!*:!> Details of 
coronary artery findings were unclear in previous stud- 
ies.?-!! Our observation that almost all patients with deep 
T-wave inversion had multivessel CAD with multiple se- 
vere narrowings is particularly important in the clinical 
setting, because these patients are usually regarded as 
candidates for surgical treatment. 

The exercise-induced sequential pattern of ST depres- 
sion was reported by Chahine et al!4 to be a specific 
marker for multivessel CAD. Our results are consistent 
with that study. However, that study did not evaluate the 
depth of inverted T waves or its relation to ST depression. 
One may suspect that T-wave inversion may be just a 
facet of marked ST depression, because patients with 
inverted T waves had greater ST depression than did 
those without. However, the fact that deep T-wave inver- 
sion =8 mm had a significantly higher predictive value 
for 3-vessel or left main CAD than did T-wave inversion 
<8 mm despite a similar maximal ST depression suggests 
that this was not the case. The present study underscores 
the usefulness of this simple measurement of exercise- 
induced T-wave inversion. The magnitude of ST depres- 
sion, as well as the depth of inverted T waves should be 
focused on in the analysis of standard exercise testing. 
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Increase in Platelet Support of Thrombin Generation After 


Thrombolytic Therapy 


Ping Chang, MD, David L. Aronson, MD, James Scott, MD, and Craig M. Kessler, MD 


T hrombolytic therapy has been a major advance in the 
treatment of thrombotic diseases, particularly in pa- 
tients with acute myocardial infarction. The multitude of 
effects of fibrinolytic agents on platelets has been re- 
viewed by Coller.' Increasing evidence shows that platelet 
activation after thrombolytic therapy may have an im- 
portant role in both preventing reperfusion and inducing 
reocclusion. Platelet activation in vivo has been assessed 
by elevated thromboxane A2 and serotonin, compounds 
released by platelets after activation.2~-> The evidence for 
activation of coagulation includes increases in fibrinopep- 
tide A, thrombin-antithrombin III complex and pro- 
thrombin fragment F1.2.%!! Unsuccessful reperfusion 
and early reocclusion is associated with increased fibrino- 
peptide A in patients with myocardial infarction.® The 
administration of thrombin or platelet inhibitors, or both, 
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accelerates lysis of thrombi and prevents reocclusion in 
animal models.*!!-!3 It was shown that the in vitro treat- 
ment of platelet-rich plasma with fibrinolytic agents 
shortened the time to thrombin generation and that there 
was a parallel decrease in the clotting time.'* In the 
present report, these observations were extended to pa- 
tients treated with recombinant tissue-type plasminogen 
activator (rt-PA). 

Patients (n = 10) with acute myocardial infarction 
were enrolled in the study after giving verbal informed 
consent. A 6 mg bolus of rt-PA was administered, 
followed by 54 mg in the first hour and 40 mg during the 
second hour for a total dose of 100 mg. Patients were 
administered a heparin bolus (5,000 IU) before the be- 
ginning of the rt-PA infusion, which was followed by a 
continuous infusion of 1,000 IU/hour. Patients routinely 
received intravenous nitroglycerin and aspirin. Blood 
samples were collected from patients before and 30 min- 
utes after the beginning of infusion of rt-PA. Samples 
were also obtained from 4 patients 24 hours after the 
commencement of treatment. 
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Blood was anticoagulated with 3.8% sodium citrate 
(9:1 V:V) and centrifuged at 450 g for 3 minutes to 
obtain platelet-rich plasma within I hour of collection. 
Platelet-poor plasma was prepared by recentrifuging the 
residual blood at 1,000 g for 15 minutes. Protamine 
(final concentration 12.5 ug/ml) was added to all sam- 
ples of platelet-rich plasma to preclude any heparin ac- 
tivity. Washed platelets were prepared from platelet- 
rich plasma by washing 3 times with calcium-free Tyr- 
ode’s solution containing 10 mM of ethylene diamine 
tetracetic acid, pH 7.35. Platelet counts were measured 
with an electronic platelet analyzer 810 (Baker, Allen- 
town, Pennsylvania) and adjusted to 300,000/uL with 
platelet-poor plasma for platelet-rich plasma or Ty- 
rode’s solution for washed platelets. 

Protamine Sulfate was purchased from Lyphomed 
Inc. (Rosemont, Illinois), chromogenic substrate for 
thrombin, S-2238 (H-D-Phe-Pip-Arg-p-nitroanilide- 
2HCL), from Kabi Vitrum (Franklin, Ohio), and Nunc- 
Immuno microtiter plates from VWR Scientific (Bridge- 
port, New Jersey). 

The time to thrombin generation was obtained as 
previously described.'* Platelet-rich plasma was recalci- 
fied, and serial 10 uL subsamples were placed in the 
wells of microtiter plates containing 90 uL of 3.8% sodi- 
um citrate to stop the reaction. Washed platelets were 
tested by adding 100 uL to 400 uL of pretreatment plate- 
let-poor plasma. Substrate (50 uL of 0.5 mM S-2238 in 
tris buffer pH 8.1) was added to each well at the termi- 
nation of the experiment (usually 60 minutes). The 
plates were read kinetically on a maximum velocity ki- 
netic microplate reader (Molecular Devices, Palo Alto, 
California) using the softmax program. A unit of puri- 
fied thrombin per well yielded a value of 10 mOD/min. 
The “time to thrombin generation” was considered the 
time at which the hydrolysis of S-2238 reached 10 mOD/ 
min. Clotting time was measured visually in the same 
tube used for thrombin generation assays. The clot was 
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removed before further subsampling for the thrombin 
measurement. 

Paired t tests were used to compare both the time to 
reach 10 mOD/min and the clotting time on the pretreat- 
ment and treatment samples. 

Blood samples from 10 patients were analyzed for 
the pattern of thrombin generation in platelet-rich plas- 
ma before and during treatment with rt-PA (Figure 1). 
Treatment with rt-PA induced earlier thrombin genera- 
tion and shortened the time to clot formation by an 
average of 12 minutes, and analysis by paired t test 
indicates that this difference is significant (p <0.01; 95% 
confidence interval 3.6 to 21 minutes). Samples (n = 4) 
obtained 24 hours after rt-PA infusion showed a return 
to pretreatment values (Figure 2). Similar results were 
observed for the “time to reach” 10 mOD/min in the 
thrombin generation test. 
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Pre and Post Treatment of rt-PA in vivo 
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The prothrombin activating capability of the washed 
platelets was tested in 9 patients when washed platelets 
were put back in pretreatment platelet-poor plasma. 
Samples obtained during treatment showed a shortening 
of the time to generate thrombin (Figure 3). The mean 
decrease in clotting time was 9.5 minutes (95% confi- 
dence interval 6 to 13 minutes), and the shortening was 
significant (p <0.01). After 24 hours there was a return 
to normal (n = 2) in the effect of the washed platelets on 
thrombin generation. 

The data demonstrate that thrombolytic therapy with 
rt-PA in patients with acute myocardial infarction short- 
ens the time for thrombin generation and concomitantly 
the clotting time in platelet-rich plasma (Figure 1). 
Shortening of clotting time and time to begin thrombin 
generation are dependent on changes in platelets and 
return to normal range within 24 hours. These findings 
are consistent with our previous observation in vitro that 
pretreatment of platelet-rich plasma with rt-PA signifi- 
cantly increased thrombin generation, which was platelet 
dependent and occurred in washed platelets.!4 

Evidence for prothrombin activation during thrombo- 
lytic therapy includes increased levels of prothrom- 
bin fragment F1.2, fibrinopeptide A and thrombin-anti- 
thrombin III complex.®!! Increased thrombin activity 
during thrombolytic therapy has been proposed to be 
caused by release from lysed thrombi, reexposure of sites 
of arterial injury to procoagulant factors initiating a 
thrombotic event, and direct activation of prothrombin or 
other procoagulant (such as factor V by plasmin), or 
both.! 

We confirmed the hypothesis of elevated platelet-sup- 
ported thrombin generation after rt-PA infusion. The 
impact on platelets continues even after extensive wash- 
ing and contributes to more rapid thrombin generation. 
The data indicate a potential platelet-dependent mecha- 
nism that could lead to clot formation and recurrent 
thrombosis. 
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Prevalence of Arrhythmias Detected by 24-Hour Ambulatory 
Electrocardiography and Value of Antiarrhythmic Therapy in Elderly 


Patients with Unexplained Syncope 


Wilbert S. Aronow, MD, Anthony D. Mercando, MD, and Stanley Epstein, MD 


g3 rolonged electrocardiographic monitoring shows 
transient arrhythmias as a potential cause of syncope 
in 21 to 64% of patients.!-5 Tzivoni and Stern® found that 
12 of 110 patients (11%) referred for continuous electro- 
cardiographic monitoring because of dizziness and synco- 
pe had arrhythmias requiring pacemaker implantation. 
We determined in a prospective study the prevalence of 
arrhythmias determined by 24-hour ambulatory electro- 
cardiograms in 148 elderly patients with unexplained 
syncope. We also determined the effect of treating ar- 
rhythmias on the incidence of recurrent syncope. 


From the Hebrew Hospital Home, 2200 Givan Avenue, Bronx, New 
York 10475. Manuscript received February 20, 1992; revised manu- 
script received and accepted March 19, 1992. 


Technically adequate 24-hour ambulatory electro- 
cardiograms were obtained in 148 patients (101 women 
and 47 men), mean age 82 + 8 years (range 62 to 97), 
with unexplained syncope in a chronic care facility. Syn- 
cope was defined “as a sudden transient loss of con- 
sciousness associated with the inability to maintain pos- 
tural tone that was not compatible with a seizure disor- 
der, vertigo, dizziness, coma, shock, or other states of 
altered consciousness.”' Patients with vasodepressor 
syncope, orthostatic hypotension, drug-induced syncope, 
carotid sinus syncope, valvular heart disease, hypertro- 
phic cardiomyopathy, acute myocardial infarction, neu- 
rologic syncope, pacemaker malfunction, pulmonary 
embolus and hypoglycemia were excluded from the 
study. Coronary artery disease (CAD) was present in 71 
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of the 148 patients (48%) with syncope compared with 
41% of our elderly population without syncope (p = not 
significant). 

Ambulatory electrocardiographic monitoring was 
performed for 24 hours using portable Avionics model 
445 tape recorders to obtain 2 leads corresponding to a 
modified V; and V5. Tapes were analyzed by a Cardio- 
Data MK 3 computer system. All rhythm disturbances 
were written out on electrocardiographic paper at 25 
mm/s and verified by 2 cardiologists. Ventricular tachy- 
cardia (VT) was defined as =3 consecutive ventricular 
premature complexes.’® VT lasting =30 seconds was 
considered sustained VT and lasting <30 seconds con- 
sidered nonsustained VT. Complex ventricular arrhyth- 
mias included VT or paired, multiform or frequent 
(=30/hour) ventricular premature complexes.’ 

Three patients with sustained VT were receiving at 
the time of syncope amiodarone 400 mg/day because of a 
history of VT. Of 73 patients with complex ventricular 
arrhythmias, 45 were treated with quinidine (44) or pro- 
cainamide (1), but 22 were taken off the drug because of 
noncardiac side effects within 2 weeks. The 22 patients 
who remained on quinidine received quinidine 200 mg 4 
times daily. The quinidine blood level was maintained 
between 2 to 5 mg/liter. One patient received procain- 
amide 500 mg 4 times daily. The procainamide blood 
level was maintained between 4 and 10 mg/liter. Of the 
28 patients not initially treated with quinidine or pro- 
cainamide, 14 were randomly treated with propranolol 
20 to 40 mg 3 times daily, and 14 were randomly given no 
treatment. The 21 patients with pauses of >3 seconds 
received a permanent pacemaker. The 3 patients with 
atrial fibrillation and a ventricular rate >190 beats/min 
were treated with verapamil 80 to 120 mg 4 times daily 
plus digoxin 0.25 mg/day. 

The patients were followed prospectively after 24- 
hour ambulatory electrocardiograms were obtained for 
a mean of 32 + 20 months (range 1 week to 74 months). 
Chi-square analysis was used to analyze data. 

Table I shows the prevalence of arrhythmias as a 
potential source of syncope detected by 24-hour ambula- 
tory electrocardiography in 148 elderly patients. A par- 
oxysmal supraventricular tachyarrhythmia was present 
in 54 of 148 patients (36%) with syncope and in 35% of 
our elderly population without syncope (p = not signifi- 
cant). Supraventricular tachyarrhythmia was consid- 
ered a potential source of syncope only in the 3 patients 
with atrial fibrillation with a ventricular rate >190 
beats/min. Forty-seven of 73 patients (64%) with com- 
plex ventricular arrhythmias and 12 of 48 patients 
(25%) with no significant arrhythmia had CAD (p 
<0.001). Excluding sustained VT, the prevalence of 
complex ventricular arrhythmias in our patients with 
syncope and in our elderly population without syncope 
was not significantly different. 

Table II lists the mean follow-up and the incidence of 
recurrent syncope in different arrhythmias considered to 
be a potential source of syncope. Recurrent syncope oc- 
curred in 60 of 73 patients (82%) with complex ventricu- 
lar arrhythmias and in 26 of 48 patients (54%) with no 
significant arrhythmia (p <0.001). In patients with com- 
plex ventricular arrhythmias, the mean number of epi- 


TABLE I Prevalence of Arrhythmias Considered a Potential 
Source of Syncope Detected by 24-Hour Ambulatory 
Electrocardiography in 148 Elderly Patients with Unexplained 
Syncope 


No. of Pts. 


Arrhythmia (n= 148) (%) 


Pauses > 3 seconds 
Sinus arrest 
Advanced second-degree atrioventricular block 
Atrial fibrillation with slow ventricular rate not 

drug-induced 

Sustained ventricular tachycardia 

Atrial fibrillation with ventricular rate > 190 beats/ 
min 

Complex ventricular arrhythmias* 

No significant arrhythmia 


Recurrent 
Syncope 
Follow-Up 


(mos) No. (%) 


Sustained ventricular tachycardia 
treated with amiodarone 

Pauses > 3 seconds treated with perma- 
nent pacemaker 

Atrial fibrillation with ventricular rate 
> 190 beats/min treated with vera- 
pamil plus digoxin 

Complex ventricular arrhythmias treated 
with quinidine (22), procainamide (1) 
or propranolol (14) 

Complex ventricular arrhythmias treated 
with no antiarrhythmic drug 

No significant arrhythmia 26/48 (54) 


*All 3 patients had sudden cardiac death. 


sodes of recurrent syncope was 3.5 + 2.6 in 37 patients 
treated with an antiarrhythmic drug and 3.1 + 2.5 in 36 
patients treated with no antiarrhythmic drug (p = not 
significant). Follow-up 24-hour ambulatory electrocar- 
diograms showed that the average number of ventricular 
premature complexes per hour was reduced >70% in 18 
of 23 patients (78%) treated with quinidine or procain- 
amide and in 10 of 14 patients (71%) treated with pro- 
pranolol. 

Kapoor et al! found by prolonged electrocardiograph- 
ic monitoring in 210 elderly patients (mean age 71 years) 
with syncope, VT in 33 (16%), sick sinus syndrome in 12 
(6%), bradycardia in 2 (1%), second-degree atrioventric- 
ular block in 1 (<1%), complete heart block in 5 (2%), 
and pacemaker malfunction in 1 patient (<1%) as causes 
of syncope. Gibson and Heitzman? found by 24-hour 
ambulatory electrocardiographic monitoring in 658 pa- 
tients aged 270 years with syncope, sick sinus syndrome 
in 3.3%, Mobitz II second- or third-degree atrioventricu- 
lar block in 1.1%, VT in 9%, multifocal and paired ven- 
tricular premature complexes in 36.3%, atrial fibrillation 
in 9.1%, and supraventricular tachycardia in 37.5%. 
However, it is difficult to relate any arrhythmia found by 
24-hour ambulatory electrocardiographic monitoring in 


31/37 (84) 


29/36 = (81) 
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the absence of symptoms to the unmonitored syncopal 
episodes.* 

Our data obtained from an elderly population, mean 
age 82 years, applies to patients with unexplained synco- 
pe. A permanent pacemaker was inserted in 21 of these 
patients (14%) because of pauses of >3 seconds, and at 
38-month follow-up, syncope had recurred in only 14% of 
patients with a permanent pacemaker. Sustained VT was 
found in 3 patients (2%) who were receiving amiodarone 
for a history of VT at the time of their syncopal episode. 
These 3 patients all had recurrent syncope and died sud- 
denly within 1 week. Verapamil plus digoxin were pre- 
scribed to 3 patients (2%) who had atrial fibrillation with 
a ventricular rate of >190 beats/min. At 43-month fol- 
low-up, none of the 3 patients had recurrent syncope. 

Complex ventricular arrhythmias were found in 73 
patients (49%) with unexplained syncope. Nonsustained 
VT occurred in 25 of these patients (34%). Patients with 
complex ventricular arrhythmias had a higher incidence 
of recurrent syncope than patients with no significant 
arrhythmia. Patients with syncope and complex ventricu- 
lar arrhythmias also had a higher prevalence of CAD and 
a shorter follow-up because of sudden cardiac death and 
total cardiac death than patients with syncope and no 
significant arrhythmia. 

Empiric treatment of nonsustained VT or complex 
ventricular arrhythmias with quinidine, procainamide or 
propranolol did not reduce the incidence of recurrent 


syncope. Empiric drug treatment of nonsustained VT or 
complex ventricular arrhythmias with quinidine or pro- 
cainamide also did not reduce the incidence of sudden or 
total cardiac death.® The efficacy of propranolol versus 
no antiarrhythmic drug on the incidence of sudden and 
total cardiac death in elderly patients with complex ven- 
tricular arrhythmias associated with ischemic and non- 
ischemic heart disease is currently under investigation by 
us. 
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Contraindications: Intraventricular conduction defects. Complete A-V block. AV con- 
duction disorders caused by digitalis intoxication. Aberrant impulses and abnormal 
rhythms due to escape mechanisms. Idiosyncracy or hypersensitivity to quinidine or 
related cinchona derivatives. Myasthenia gravis. 

: In the treatment of atrial flutter, reversion to sinus rhythm may be preceded 
by a progressive reduction in the degree of A-V block to a 1:1 ratio, resulting in an 
extre rapid ventricular rate. This possible hazard may be reduced by digitalization 
prior to administration of quinidine. 

Reports in the literature indicate that serum concentrations of digoxin may increase 
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j dosage ay have to be considered. 

ifestations of quinidine cardiotoxicity such as excessive prolongation of the QT 
interval, widening of the ORS complex and ventricular tachyarrhythmias mandate 
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Quinidine should be used with extreme caution in patients with incomplete AV block 
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from ventricular tachycardia or fibrillation. This syndrome has not been shown to be 
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Cases of hepatotoxicity. including granulomatous hepatitis, due to quinidine hyper- 
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Drug interactions 


Effect 
Quinidine with anticholinergic drugs Additive vagolytic effect 
Quinidine with cholinergic drugs Antagonism of cholinergic effects 


Quinidine with carbonic anhy- Alkalinization of urine 
drase inhibitors, sodium resulting in decreased 
bicarbonate, thiazide diuretics excretion of quinidine 
Quinidine with coumarin Reduction of clotting 
anticoagulants factor concentrations 
Quinidine with tubocurare, Potentiation of neuro- 
succinylcholine and muscular blockade 
decamethonium 
Quinidine with phenothiazines Additive cardiac 
and reserpine depressive effects 
Quinidine with hepatic enzyme- Decreased plasma 
inducing drugs (phenobarbital. half-life of quinidine 
phenytoin, rifampin) 
Quinidine with digoxin Increased serum concentration of 
digoxin (See Warnings) 
Quinidine with amiodarone Increased serum concentration of quinidine 
Quinidine with cimetidine Prolonged quinidine half-life and an 
increase in serum quinidine level 
Quinidine with ranitidine Premature ventricular contractions 
and/or bigeminy 
Quinidine with verapamil Increased quinidine half-life and an increase in 


serum quinidine level; potential 
hypotensive reactions 
Quinidine with nifedipine Decreased serum concentrations of quinidine 

Carcinogenesis: Studies in animals have not been performed to evaluate the carcino- 

genic potential of quinidine. 

nancy, Teratogenic Effects: Pregnancy Category C. Animal reproduction studies 
have not been conducted with quinidine. There are no adequate and well-controlled 
Studies in pregnant women. Quinidex Extentabs should be administered to a pregnant 
woman only i non indicated. 

Nonterat Effects: Like quinine, quinidine has been reported to have oxytocic 
popes he significance of this property in the clinical setting has not been 
established. 

Labor and Delivery -There is no known use for Quinidex Extentabs in labor and deliv- 
ery. However, quinidine has been reported to have oxytocic properties. The significance 
of this property in the clinical setting has not been established. 

Nursing Mothers —Because of passage of the drug into breast milk, caution should 
be exercised when Quinidex Extentabs are administered to a nursing woman 

Pediatric Use There are no adequate and well-controlled studies establishing the 
Safety and effectiveness of Quinidex Extentabs in children 
Adverse Reactions: Symptoms of cinchonism, such as ringing in the ears, loss of hear- 
ing, dizziness, lightheadedness, headache, nausea, and/or disturbed vision may appear 
in sensitive patients after a single dose of the drug. The most frequently encountered 
side effects to quinidine are gastrointestinal. 

Gastrointestinal — Nausea, vomiting, abdominal pain, diarrhea, anorexia, granu- 
lomatous hepatitis (which may be preceded by fever). esophagitis. 

Cardiovascular —Ventricular extrasystoles occurring at a rate of one or more every 6 
normal beats; widening of the QRS complex and prolonged OT interval; complete A-V 
block; ventricular tachycardia and fibrillation; ventricular flutter; torsade de pointes: 
arterial embolism; hypotension; syncope. 

Central Nervous System — Headache, vertigo, apprehension, excitement, confusion. 
delirium, dementia, ataxia, depression. 

thalmologic and Otologic — Disturbed hearing (tinnitus, decreased auditory 
acuity), disturbed vision (mydriasis, blurred vision, disturbed color perception, photo- 
phobia, diplopia, night blindness, scotomata), optic neuritis, reduced visual field. 

Dermatologic — Cutaneous flushing with intense pruritus, photosensitivity, urticaria. 
rash, eczema, exfoliative eruptions, psoriasis, abnormalities of pigmentation. 

Hypersensitivity -Angioedema, acute asthmatic episode. vascular collapse, respira- 
tory gg hepatotoxicity, granulomatous hepatitis (See Warnings), purpura, 
vasculitis. 

Hematologic Thrombocytopenia, thrombocytopenic purpura, agranulocytosis, acute 
hemolytic anemia, hypoprothrombinemia, leukocytosis, shift to left in differential 
neutropenia. 

Immunologic — Systemic lupus erythematosus, lupus nephritis. 

Miscellaneous — Fever. increase in serum skeletal muscle creatine phosphokinase, 
arthralgia, myalgia. Rev. October 1987 
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CASE REPORTS 


Use of Endovascular Stents to Increase 
Pulmonary Blood Flow in Pulmonary Atresia 
with Ventricular Septal Defect 


Evan M. Zahn, MD, Valter C. Lima, MD, Lee N. Benson, MD, 


and Robert M. Freedom, MD 


B alloon expandable intravascular 
stents have been shown to be ef- 
fective in maintaining vessel patency 
in the peripheral and coronary arteri- 
al circulations of adults.!2 More re- 
cently O’Laughlin et al? reported the 
application of such prostheses for 
pulmonary artery stenosis in patients 
with congenital heart disease. In the 
present report, we describe 2 patients 
with pulmonary atresia with ventric- 
ular septal defect in whom progres- 
sive cyanosis was palliated by stent 
implantation into stenotic systemic 
arterial vessels. The use of endovas- 
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FIGURE 1. A, initial contrast injection in the frontal projection 


cular stents had been approved by 
the Human Subjects Protection 
Committee of The Hospital for Sick 
Children and informed parental con- 
sent obtained. 

Case 1: A 12-year-old girl with 
pulmonary atresia with ventricular 
septal defect, had multiple aortopul- 
monary collaterals serving as the 
sole source of pulmonary blood flow. 
At 5 years of age, a right ventricular 
to pulmonary artery Gortex conduit 
was placed, only to thrombose in the 
early postoperative period. Owing to 
the complex nature of the pulmo- 
nary arterial anatomy, no further 
palliative or corrective surgery was 
considered. She had an oxygen satu- 
ration of 60% and hemoglobin of 190 
g/liter. Placement of an endovascu- 
lar stent into 1 of the major aorto- 
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of the proximally stenotic (arrow) aortopulmonary collateral sup- 


pulmonary collateral arteries was 
performed as palliation. Angiogra- 
phy outlined an aortopulmonary 
collateral with severe stenosis at its 
origin from the thoracic aorta (Fig- 
ure 1) suppling a large portion of the 
left lung. A Palmaz stent (15 X 2.4 
mm expandable to 7 mm, Johnson 
and Johnson Interventional Sys- 
tems, Sommerville, New Jersey) was 
crimp loaded on a 7 mm balloon 
catheter (MediTech, Watertown, 
Massachusetts) and placed across 
the stenosis (Figure 1). After im- 
plantation, oxygen saturation in- 
creased to 80%. The child was given 
acetylsalicylic acid and dipyrida- 
mole. One month after discharge 
oxygen saturation was 82% and he- 
moglobin 170 g/liter. 

Case 2: A 14-month-old boy 
weighing 6.7 kg with pulmonary 
atresia and ventricular septal defect, 
previously palliated with a right- 
sided modified Blalock-Taussig 
shunt, was becoming progressively 
cyanotic. Cardiac catheterization 
documented an aortic saturation of 
69%, a patent Blalock-Taussig 
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plying the left lung. B, appearance of the stent within the aortopulmonary collateral. C, after stent implantation the proximal ob- 


struction has been relieved (arrow). 


FIGURE 2. A, contrast injection in the 


frontal projection in the ductus arteriosus, 


which is severely stenotic at the pulmo- 
nary arterial insertion (arrow). B, after 


stent implantation into the ductus arterio- 


sus, wide patency is achieved with elimi- 
nation of the distal stenosis. 
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shunt, proximal left pulmonary ar- 
tery stenosis and a stenotic ductus 
arteriosus. Because of the child’s 
small size, implantation of an endo- 
vascular stent within the ductus ar- 
teriosus was performed as palliation 
with a view toward a future surgical 
repair. Selective angiography in the 
ductus arteriosus showed a stenotic 
segment measuring 2.3 mm at its 
pulmonary artery insertion (Figure 
2A). A 15 mm articulated Palmaz- 
Schatz coronary artery stent was po- 
sitioned across the length of the duc- 
tus and fixed in place with a 4 mm 
balloon. Repeat angiography dem- 
onstrated improved flow through a 
wider lumen, now measuring 4.0 mm 
at the narrowest point (Figure 2B). 
Arterial saturation increased to 
84%. The child underwent antico- 
agulation, and at follow-up 2 
months after implantation arterial 
oxygen saturation measured 85%. 
During implantation attempts 
were made to minimize the degree of 
protrusion of the stents into the aorta 
since the protruding portion of the 
stent is never covered by endotheli- 
um, posing the theoretic risk of act- 
ing as a nidus for thrombus forma- 
tion. The experience with renal ar- 
tery stents, however, suggest that 


such protrusions are not associated 
with increased complications.* Nei- 
ther patient experienced any early- 
or medium-term complications relat- 
ed to stent implantation. Long-term 
issues when using endovascular 
stents in such settings focus upon fu- 
ture requirements of the vessel in- 
volved, i.e., the need for further en- 
largement, ligation or unifocaliza- 
tion. It is possible to redilate such 
stents with larger balloon sizes if the 
intraluminal diameter becomes inad- 
equate with time. Likewise, it is pos- 
sible to cut longitudinally along the 
length of or ligate the stented vessel, 
permitting future vessel manipula- 
tion.’ 

Patients with pulmonary atresia 
and a ventricular septal defect are 
dependant on systemic to pulmonary 
arterial connections to maintain pul- 
monary blood flow. As the natural 
history of these vessels is to stenose 
with time, surgically created system- 
ic-to-pulmonary arterial shunts are 
usually required. In some patients, 
as illustrated, creation of a surgical 
shunt may not be possible or desir- 
able. A stent prosthesis to maintain 
patency of a naturally occurring 
source of pulmonary blood flow may 
be an attractive management alter- 


Real-Time Three-Dimensional 
Reconstruction of Intravascular Ultrasound 


Images of Iliac Arteries 


Kenneth Rosenfield, MD, Jenifer Kaufman, 8S, Ann Pieczek, RN, 
R. Eugene Langevin, Jr., MD, Syed Razvi, MD, and Jeffrey M. Isner, MD 


 Hableagir ed ultrasound (IU) im- 
aging provides detailed tomo- 
graphic images of the vascular wall 
and lumen.'-3 One liability of this 
novel imaging modality, however, is 
the inability to view a given vascular 
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segment in a composite format; de- 
tailed cross-sectional images are thus 
provided at the expense of a longitu- 
dinal perspective. The circumferen- 
tial nature of a postangioplasty dis- 
section may be well demonstrated by 
IU, for example, but the full longitu- 
dinal extent may not be readily ap- 
parent, even after repeated review of 
the videotaped images recorded over 
the length of the involved segment. 
Computer-based 3-dimensional (3- 
D) reconstruction (R) from serially 
recorded IU images offers a potential 
solution to this problem. By creating 
a longitudinal display of the entire 
vascular segment, 3-DR offers a 
composite format for presentation of 
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native. To this end, Coe and Olley5 
reported successful stent implanta- 
tion to maintain ductal patency in an 
animal model. The experience re- 
ported here suggests that such an ap- 
proach is feasible, and warrants fur- 
ther investigation. 
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detailed IU data, facilitating com- 
parison of selected cross-sectional 
images with those that are proximal 
and distal. Previous studies from our 
laboratory have outlined the con- 
cepts, technique and instrumentation 
used for 3-DR, and demonstrated the 
feasibility and potential use of 3- 
DR.*° Whereas off-line analysis of 
such 3-DRs has provided insight into 
mechanisms of recanalization, to be 
clinically useful during intervention- 
al procedures, 3-D image generation 
must be rapid, if not instantaneous. 
We report here the use of real-time 3- 
DR from IU images recorded during 
percutaneous iliac artery revascular- 
ization in 2 patients. 

CASE 1. A 59-year-old woman 
presented with 10-yard claudication 
due to a critical 90% luminal diame- 
ter narrowing of the left common ili- 
ac artery. After baseline IU and 
measurement of a 40 mm Hg pres- 
sure gradient across the narrowing, 
percutaneous transluminal coronary 


angioplasty (PTA) was performed. 
Post-PTA, repeat angiography, IU, 
and gradient measurement (15 mm 
Hg) indicated a residual stenosis. An 
endovascular stent (Johnson and 
Johnson Interventional Systems, 
Warren, New Jersey) was therefore 


Pre-PTA 


A 


Post-PTA 


t 
Post-Stent 


C J 


delivered to the PTA site with subse- 
quent elimination of the pressure 
gradient and stenosis. The IU cathe- 
ter (Boston Scientific, Watertown, 
Massachusetts) and imaging con- 
sole (Diasonics, Milpitas, Califor- 
nia) have been described previous- 


3 


ly.°6 For each of the nine 3-DRs ob- 
tained in this case, a systematic, 
timed pullback of the IU catheter 
was performed through the diseased 
iliac artery at 2 mm/s. As the cathe- 
ter was withdrawn, live IU images 
were acquired directly into a 3-D 
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FIGURE 1. Real-time 3-dimensional reconstruction (3-DR) before and after percutaneous transluminal angioplasty (PTA) and 
poststent deployment in common iliac artery of patient 1. Panel A, frames 1 to 6, representative images from expanding 3-DR 
sagittal image obtained concurrent with pre-PTA pullback of intravascular ultrasound (IU) catheter. Aorta is at top of images 
and external iliac artery at bottom. IU catheter is seen within vessel lumen. At level of stenosis indicated in frame 6, plaque 
abuts IU catheter, severely compromising vascular lumen. Panel B, frames 1 to 6, expanding 3-DR sagittal image during post- 
PTA catheter pullback demonstrates enhanced luminal diameter (frame 6), but extensive plaque fracture encroaching upon lu- 


men. Panel C, frames 1 to 6, real-time 3-DR poststent deployment. 


sagittal image depicts effacement of plaque frac- 


Expanding 
ture in area of stent deployment within proximal common iliac artery (frame 6), producing enlarged lumen. 
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processing station (StatVIEW™, 
ImageComm Systems, Sunnyvale, 
California) and added to an enlarg- 
ing 3-D data map. Fresh data points 
were immediately displayed on the 
expanding reconstructed sagittal 
image. Generation of the 3-D image 
is thus accomplished in real time, 
with no perceptable delay between 
display of the tomographic IU image 
and incorporation of that 2-dimen- 
sional image into the expanding 3- 
DR. 

Representative images from 3 
real-time 3-DRs, obtained before 
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Post-PTA 


and after PTA, and poststent de- 
ployment are shown in Figure 1. In 
panel A, frames 1 to 6 illustrate de- 
velopment of the reconstructed sag- 
ittal image in real time during the IU 
pullback performed before PTA. 
The fully reconstructed image 
(frame 6) is seen concurrent with 
completion of the catheter pullback. 
Although only 1 sagittal plane is 
shown for a given pullback, the im- 
age can be subsequently rotated 
about the long axis of the IU cathe- 
ter to display 360° of orthogonal 
views of this segment. The 3-DR im- 
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FIGURE 2. Real-time 3-dimensional reconstruction (3-DR) of sagittal images dur- 
ing intravascular ultrasound (IVUS) catheter pullback in patient 2. Upper panel, 
transluminal 


before 


angioplasty (PTA), representative 2-dimension- 


al IVUS image stored from the beginning of the pullback is seen at jeft. This is 1 
of 220 individual images incorporated into sagittal 3-DR image, shown expanding 
in frames 1 to 3. IVUS catheter, located within vascular lumen, is abutted by ath- 
eroscierotic plaque (frame 3). Origin of internal iliac artery (i. il.) is demonstrated 
branching off to left one-third way down reconstructed vessel. Lower panel, after 
PTA, representative 2-dimensional IVUS image is shown at left. Frames 1 to 3 
depict expanding 3-D sagittal image, reconstructed concurrent with post-PTA 
IVUS pullback (e.g., real time). In sagittal angle shown in frame 3, lumen diame- 
ter is increased from pre-PTA; plaque fracture (PF) in dilated site is demonstrated 
in longitudinal relief on reconstructed image. (Reconstructed view facilitates as- 
sessment of longitudinal extent of plaque fracture resulting from balloon angio- 


plasty.) 
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age depicts luminal encroachment 
by plaque which is not readily appre- 
ciated on the 2-dimensional IU im- 
ages. Panel B shows real-time 3-DR 
in the sagittal mode during IU pull- 
back after PTA. Frame 6 demon- 
strates increased luminal patency 
and a plaque crack, seen here in lon- 
gitudinal relief. Real-time 3-DR in 
panel C shows further improvement 
in luminal patency and effacement 
of the plaque fracture consequent to 
stent deployment. 

CASE 2. A 68-year-old woman 
presented with bilateral claudication 
due to severe iliac stenoses. After 
baseline IU, PTA was performed on 
both iliac arteries. IU examination, 
angiography and hemodynamic as- 
sessment performed after PTA indi- 
cated a satisfactory result on the left 
side, but a residual stenosis due toa 
spiral dissection on the right. This 
was treated successfully by direc- 
tional atherectomy. Figure 2 demon- 
strates real-time 3-DR performed 
during PTA of the right external ili- 
ac artery. Two-dimensional IU im- 
ages are shown on the left. Before 
PTA, the sagittal 3-DR image re- 
corded during pullback (upper pan- 
el) demonstrates the longitudinal 
extent of the luminal narrowing and 
atherosclerotic plaque. After PTA 
(lower panel), the developing 3-DR 
shows an improvement in luminal 
diameter but persistent encroach- 
ment due to a PTA-induced plaque 
fracture immediately distal to the 
internal iliac artery. After atherec- 
tomy, this plaque fracture was no 
longer seen. 

Initial 3-DRs performed in our 
laboratory, using nonautomated soft- 
ware, required 60 minutes or more to 
generate a single image.* While use- 
ful for post-hoc (off-line) analyses, 
the time required for 3-DR by such 
techniques precluded its use during 
diagnostic or therapeutic procedures. 
Subsequent software and hardware 
modifications, including upgrading 
from an 80386 to an 80486 processor 
and incorporation of a RISC co-pro- 
cessor (Intel i860, ImageComm Sys- 
tems), greatly reduced the labor in- 
volved and time required for 3-D pro- 
cessing and image generation,’ 
although 3-DR was still limited to a 
postprocedural process. More recent- 
ly, however, “on-line” 3-DR6 was 
achieved during interventional pro- 


cedures, where images were generat- 
ed within 30 to 60 seconds of catheter 
pullback in 42 patients. For those pa- 
tients, IU images were acquired dur- 
ing pullback by the 80486 processor, 
written to hard disc, then loaded into 
the RISC coprocessor memory for 3- 
D processing and image rendering. 
The newest software configuration, 
used for the 2 patients in the present 
report, eliminates the 30-second de- 
lay necessitated by the storage of ac- 
quired IU frames into the 80486 
hard disc. Instead, images are ac- 
quired directly into RISC co-proces- 
sor memory (bypassing the 80486), 
at rates up to 30 frames per second 
for immediate processing. The IU 
data are entered into an expanding 3- 


D map during the actual pullback, 
enabling concurrent (real-time) dis- 
play of a sagittal 3-DR image as the 
catheter is pulled back. Display of 
alternative 3-D formats is then rapid- 
ly accomplished by way of mouse 
manipulation. 

The expedited, real-time render- 
ing of 3-DR described in this report 
thus makes 3-DR a practical tool for 
guiding interventional procedures. 
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YOUR MOST COMPLETE 
RESOURCE FOR REACHING 
THE NATION’S PHYSICIANS. 


The American Journal of Cardiology and 
the family of Cahners Healthcare 
Publications offer this unique combination 
of advertising values: 








e CLUTTER-FREE SHOWCASES 
Highly visible, attractively designed 
classified sections in high-readership 
journals. Your ad gets noticed and 

gets action. 








COST-EFFECTIVE REACH & 
IMPACT 

More affordable classified rates than 
those of other journals with equal or 
lower circulations. 









FREE SERVICES 
Phone in your ads Toll Free. Never a 
charge for typesetting, layout or 

dropping in your logo. 











PREFERRED POSITIONS 


Opening page... closing page... left 
column... right column... top of page... 


or bottom... if it’s available, it’s yours 








In every specialty they serve, Cahners’ 
Healthcare Publications are read by 

the primary care physicians you need 
to reach! 
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NOBODY DOES IT BETTER 
THAN CAHNERS. 






Cahners Healthcare Classified 
(212) 463-6487 

Toll Free (800) 344-7775 

Fax: (212) 620-9085 








DISPLAY ADS: $100 column inch. 1" minimum. LINE ADS: 
28th of second month preceding publication. Example, ads 


August 15th. FOR ALL INFORMATION PLEASE CALL MARC 


GUTHRIE 


Guthrie Clinic 


Corning Regional Office 


Cardiologist 








Guthrie Clinic, a growing 240 physician multispecialty group 
with over 30 offices in locations throughout northern Pennsylva- 
nia and the southern tier of New York is seeking a second Board 
Certified/Eligible cardiologist for their Corning Regional Office, 
Corning, New York. Enriched quality of life in beautiful setting 
providing all types of recreational and cultural activities. Excel- 
lent salary and benefit package. Physicians desiring a challeng- 
ing and rewarding practice opportunity are encouraged to 
submit a letter with curriculum vitae to: 


Ray F. Garman, M.D. 
Medical Director 

Guthrie Clinic Ltd. 

Sayre, Pennsylvania 18840 
800-724-1295 


Guthrie Clinic is a member of the Guthrie Healthcare System 


INVASIVE CARDIOLOGY 


Located in gorgeous, southwestern 
Missouri community serving 350,000. 
246-bed, state-of-the-art hospital pro- 
vides all services and equipment includ- 
ing brand-new cath lab, MRI and CT 
scanning. Enjoy excellent quality of life 
with one in three call coverage, while 
taking advantage of the amenities in this 
sportsman’s paradise. Just minutes from 
numerous lakes for fishing and boating, 
outstanding hunting areas, golf courses, 
and other activities. Four area colleges, 


good schools, abundant shopping, and 
cultural amenities make this a complete, 
family-oriented environment. Tremen- 
dous net income guarantee of $170,000 
to $220,000 and generous benefits. Paid 
interviewing and relocation expenses. 
Send CV or call Todd Dillon: 


JACKSON and COKER, Inc. 
115 Perimeter Center Place 
Suite 380 12101 

Atlanta, GA 30346 
Telephone: 1-800-544-1987 


EJ 





$10 per line, 5 line minimum. CALL FOR ATTRACTIVE FREQUENCY AND COMBINATION RATES. DEADLINE: 1st of month issue, 
for August 1st issue must be received by June 28th. 15th of month issue, 10th of month preceding publication, i.e. July 10th for 
RENTZER AT 212-468-6538 OR CAROL HARNOFF AT (212) 463-6487 «+ (800) 344-7775 « FAX (212) 620-9085 






CARDIOLOGIST 


Busy, high quality three-man consulta- 
tive group is recruiting a newly trained 
. cardiologist with skills in interventional 
techniques and/or permanent pacemaker 
placement. West Central Florida Sun- 
coast is a great place to raise a family. 
Excellent salary and benefits leading to 
early partnership. Video available upon 
request. Reply Box 1257, The American 
Journal of Cardiology, 249 West 17th 
Street, NY NY 10011. 












CAREER CHANGE 
OPPORTUNITIES 
in the Pharmaceutical Industry. We have assign- 
ments for experienced board certified/eligible 
physicians. Send your CV to Bruce Rogers 
Co., Management Consultants, 20 Main Street, 
Port Washington, NY 11050. (516)883-1058. 


CARDIOLOGIST 


Invasive/Noninvasive, BC/BE. Excellent oppor- 
tunity to join busy, well established cardiol- 
ogy practice in the foothills of the Colorado 
Rockies. Send CV to Box 1265, The American 
Journal of Cardiology, 249 West 17th Street, 
NY NY 10011. 
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CAREER OPPORTUNITIES 














STORER 


SCHMIDT 


ASSOCIATES, P.C. 
CARDIOLOGY 
CONSULTANTS 


efits package. 
Send CV to: 




























CARDIOLOGISTS 


Three Cardiologists are needed to join 
CARLE CLINIC ASSOCIATION, two 
invasive with angioplasty experience and 
one non-invasive to join seven cardiolo- 
gists. Full array of cardiology services and 
established surgical program. Academic 
positions available at the University of 
Illinois. Benefits include competitive salary 
with partnership and income sharing plan 
after two years; professional liability, 
health, life and disability insurance, and 
generous vacation and meeting time. 
Send C.V. to: 
Robert C. Parker, Jr., M.D. 
Medical Director 

CARLE CLINIC ASSOCIATION 

602 West University * Urbana, IL 61801 
FAX 217-383-3163 

Call collect 217-383-3399 











PHOENIX, ARIZONA 


Large, well-established cardiology practice 
in Phoenix, Arizona is seeking a non-inter- 
ventional cardiologist with expertise in 
echocardiography. Our busy interventional 
and surgical programs provide opportunity 
for TEE, intravascular ultrasound, and 
research. Please reply to: 


Frank Pugh 
P.O. Box 10,000 * Phoenix, AZ 85064 


Reach The Physicians 
You Need! 

For Immediate Service 
Fax Your Ad Anytime to: 
(212) 620-9085 
Or Call 
800-344-7775 
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CARDIOLOGIST 


Large cardiology group seeks BE/BC cardiologist for busy 
249-bed hospital in association with 1200-bed tertiary hos- 
pital in Central Indiana. Expertise in catheterization and 
noninvasive techniques essential. 


Medium-sized town atmosphere with access to big-city 
advantages; excellent referral base; attractive salary/ben- 


Douglas T. Strohl, Administrator 
STORER SCHMIDT & ASSOCIATES, P.C. 
3171 North Meridian Street, #200 
Indianapolis, Indiana 46208 

317-924-5444 ° FAX 317-927-5084 






























NON-INVASIVE CARDIOLOGIST 


BAYSTATE MEDICINE CENTER, one 
of New England’s largest teaching/tertiary 
care medical centers, and the Western 
Campus of TUFTS UNIVERSITY SCHOOL 
OF MEDICINE have an excellent opportu- 
nity for a Non-invasive Cardiologist offering 
a faculty appointment at TUSM. The divi- 
sion of cardiology will expand to nine fac- 
ulty members and eight fellows in 1992. 
Primary responsibilities will be in echocar- 
diography and the candidate must be com- 
petent in all echocardiographic techniques. 


We offer an excellent salary and benefits 
package. Interested candidates may forward 
a resume to: 


Dr. Ralph E. Gianelly 
Chief, Cardiology Division 
BAYSTATE MEDICAL CENTER 
Wright 4,759 
Chestnut Street ° Springfield, MA 01107 


EOE 


CARDIOLOGIST - Associate Position 
for BC/BE invasive and/or non-invasive 
Cardiologist. Available immediately with 
busy suburban Detroit Cardiologist. M.D. 
or D.O. Benefit package. Guaranteed 
salary plus incentive program. Send CV 
plus letter of introduction to Box 1261, 
The American Journal of Cardiology, 249 
West 17th Street, NY NY 10011. 


















HARTFORD, CT 
Invasive Cardiologist - BC/BE 


with expertise in PTCA to join large 
practice in Hartford, Connecticut. 
Practice includes all aspects of inva- 
sive/non-invasive cardiology. 


Send CV to Box 1259, The American 
Journal of Cardiology, 249 West 17th 
Street, NY NY 10011. 
























CARDIOLOGIST 


Cardiologist, BC/BE, desired for consulta- 
tive practice in delightful Minnesota com- 
munity of 90,000 with referral base of 
250,000. Personable, energetic person 
desired as sixth cardiologist in a 31-person 
Internal Medicine/Internal Medicine Sub- 
specialty Clinic. Community has three col- 
leges, excellent school system and abundant 
recreational activities. Rare opportunity to 
practice high-quality cardiology in a beau- 
tiful environment with excellent financial 
compensation and lifestyle benefits. 
Contact: John Mahowald, M.D. 


or 
Mark J. Murphy, Administrator 
THE ST. CLOUD CLINIC 
OF INTERNAL MEDICINE, LTD. 
1200 Sixth Avenue North 
St. Cloud, MN 56303 
(612) 252-5131 


COASTAL 
NORTH CAROLINA 


Opportunity for Cardiologist to join 
successful practitioner in rapidly grow- 
ing practice. Strong net guarantee plus 
benefits. 


Call Jim Davis (800) 683-0259 
or fax CV to (804) 626-0651 


THE PAXTON GROUP 


CHIEFS/DEPT. HEADS 


A University affiliated institution, with a busy 
pediatric cardiac surgery service, and presently 
performing 400 pediatric cardiac catheteriza- 
tions per year, invites applications for the posi- 
tion of Chief of the Department of Pediatric 
Cardiology. A full academic appointment is 


available. Interested parties should forward 
their curriculum vitae plus a letter of introduc- 
tion to: Box 1229 American Journal of 
Cardiology, 249 West 17th St. e NY, NY 10011. 


All applications will be treated with the strictest confidence 


OFFICE SPACE 


SOUTHERN CALIFORNIA 


South Orange County 
COASTAL RIVIERA 

Office space available in beautiful, impressive 
glass medical tower. A high profile location on 
the medical campus of Mission Hospital 
Regional Medical Center. South Orange 
County’s only trauma center serving the Coastal 
Riviera communities of Laguna Beach, Dana 
Point, and San Clemente. Ideally located in one 
of Southern California’s most affluent and 
rapidly growing economies. Build your own 
suite or choose from one of the models. 
Generous tenant improvement allowance. For 
more information, call Barbara Doughty, Prop- 
erty Manager, collect at 714-364-9047. 


















CAREER OPPORTUNITIES 


CARDIOLOGIST 


Needed to join a Cardiologist in an 
Internal Medicine and related subspe- 
cialties group located in Thomasville, 
Georgia. One in five coverage. No angio- 
plasty, but can do diagnostic catheriza- 
tions and all non-invasive procedures. 
Population of 45,000 with a service area 
of 160,000. Located just 35 minutes from 
Tallahassee, Florida’s state capital and 
the home of Florida State University. 
Large-city amenities with small-town 
charm. Fine public and private schools 
as well as very affordable housing. 
Recreational options are abundant. Very 
competitive financial package. 


Send CV or call Richard Whidby: 


JACKSON and COKER, Inc. 
115 Perimeter Center Place 
Suite 380 12107 

Atlanta, GA 30346 
Telephone: 1-800-544-1987 


EI 





Call Marc Rentzer 
(212) 468-6538 


Call Carol Harnoff 
(212) 463-6487 









PEDIATRIC CARDIOLOGISTS 
The Department of Pediatrics, University of 
Pittsburgh School of Medicine is seeking board 
certified/board eligible pediatric cardiologists 
with clinical or basic investigational interests. 
Send curriculum vitae to: 


J.R. Zuberbuhler, M.D. 
Director, Pediatric Cardiology 
CHILDREN’S HOSPITAL 

OF PITTSBURGH 
One Children’s Place ¢ Pittsburgh, PA 15213 


The UNIVERSITY OF PITTSBURGH is an Equal 
Opportunity/Affirmative Action Employer. 












CARDIOLOGY PRACTICE 
PUTNAM/NORTHERN WESTCHESTER COUNTY 
NEW YORK 
Seeking a BC/BE noninvasive Cardiologist. 
Expertise in bedside procedures and all nonin- 
vasive modalities including TEE and nuclear. 
Please call: 914-279-3900 








CARDIOLOGIST needed for Mid- 
western community with fine schools, 
recreation and well equipped hospital. Easy 
access to metro areas. Invasive (no PTCA) 


and non-invasive. Reply Box 1263, The 
American Journal of Cardiology, 249 West 
17th Street, NY NY 10011. 








FACULTY 


ACADEMIC CLINICAL CARDIOLOGIST 


The University of California, Davis, School of Medicine is recruiting for one full-time faculty position in 
the Division of Cardiovascular Medicine, Department of Internal Medicine. Appointment will be at the assis- 
tant or associate level. 











Applicants should be board certified in internal medicine and board certified/eligible in cardiovascular 
medicine, and eligible for licensure in the state of California. Clinical focus and interest in clinical research 
are required. Specific duties will include ambulatory cardiology care and cardiology inpatient ward service. 
Special interest or experience in congestive heart failure and cardiac transplantation is highly desired. 
Responsibilities include patient care, teaching of medical students, residents and fellows, and clinical inves- 
tigation. Other duties may include noninvasive, consult, coronary care unit or cardiology ward services, car- 
diology clinics and/or cardiac catheterization. 











Send letters, with complete curriculum vitae, names and addresses of three references to: 
Gabriel Gregoratos, M.D., Chair 
CARDIOVASCULAR MEDICINE FACULTY SEARCH COMMITTEE 
UCDavis Ħ Division of Cardiovascular Medicine * TB172 Davis, California 95616 
(Please cite Search Plan #649) Position open until filled, but not later than October 1, 1992 
THE UNIVERSITY OF CALIFORNIA IS AN AFFIRMATIVE ACTION/EQUAL OPPORTUNITY EMPLOYER. 








CAREER OPPORTUNITIES 


PHARMACEUTICAL 






















PHARMACEUTICAL 


CAREER 
INDUSTRY Management positions 
in clinical research, professional services, 


regulatory affairs, medical marketing & O P PO RTU N ITI ES 


drug safety for physicians qualified/certified .............. in areas of: 
NO PRIOR INDUSTRY EXPERIENCE REQUIRED * CARDIOLOGY 
" Sa aia et aa eae * CARDIO-PHARMACOLOGY 
n > ngeledes, >. 
Medical Placement Specialist * CARDIO-EPIDEMIOLOGY 
* ELECTRO-PHYSIOLOGY 































(609) 584-8300 - PHARMACOLOGY 
Baek Lad Fy * PHARMACO-EPIDEMIOLOGY 
08543-2142 * CNS PHARMACOLOGY 







“Our Client Companies Assume All Fees” * NEPHROLOGY 


DIRECTOR 

Cardiology Division 
HARBORVIEW MEDICAL CENTER * UNIVERSITY OF WASHINGTON 
Cardiologist at Associate Professor/Professor level to develop a comprehen- 
sive cardiology program at an acute care university teaching hospital. Demonstrated 
clinical, teaching, research, and administrative skills are essential. Interface with 
Seattle’s Medic I ambulance system is possible. 


Send inquiries and CV to: 


Leonard Hudson, MD, Chairman 

Cardiology Search Committee 

HARBORVIEW MEDICAL CENTER 

325 Ninth Avenue (ZA-62) ¢ Seattle, WA 98104 


AFFIRMATIVE ACTION/EQUAL OPPORTUNITY EMPLOYER 





NON-INVASIVE CARDIOLOGIST 


Immediate need for a Non-Invasive Cardiologist to join a progressive, well-estab- 
lished 9 MD group providing a full range of cardiology services. Special interest 
in Nuclear Cardiology and/or TE Echo desirable. Attractive benefits and salary 
with partnership potential. Sophisticated urban setting in the heartland, with out- 
standing quality of life. Reply to: 
Administrator 

y = MIDWEST HEART ASSOCIATES, P.C. 
3266 North Meridian, Suite 404 
Indianapolis, Indiana 46208 
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CHIEFS/DEPARTMENT HEADS CAREER OPPORTUNITIES 


DIRECTOR 
CARDIOLOGY EDUCATION AND RESEARCH 
OAKWOOD HOSPITAL, DEARBORN, MICHIGAN 


The Internal Medicine Residency Training Program at Oakwood Hospital 
has established a new full time faculty position for its fully-accredited 
program. Primary responsibilities will include coordination of resident and 
student teaching and supervision in our 18-bed Cardiac Care Unit as well 
as providing medical direction of the Cardiac Care Unit. The successful can- 
didate will be board certified in both internal medicine and cardiovascular 
diseases and have significant teaching and administrative experience in a 
Cardiac Care Unit. Commitment to research is highly desirable. 


Oakwood Hospital is a 615-bed acute tertiary care institution and serves as 
the centerpiece of a 1,900 bed healthcare system in southeastern Michigan. 


The hospital has a Cardiology Center of Excellence, which includes two 
dedicated cardiac catheterization labs, electrophysiology services, 
transesophageal echocardiography, sophisticated pacemaker services and 
an outstanding cardiac surgical program. 


A competitive salary, benefit package and incentive program are offered, as 
are numerous opportunities for personal professional development. Please 
forward resume to: Oakwood Physician Services, Dept. JC, 10501 
Telegraph Road, Suite L 030, Taylor, MI 48180; Phone: 800-222-0154, 
Fax: (313) 292-2628. Equal Opportunity Employer. 


VA CELA. E OE LLE] 
e 


A Subsidiary of Oakwood Health Services 


MEDICAL DIRECTOR—CARDIOLOGY 


Opportunity exists for a Board Certified Cardiologist in a large, expand- 
ing, independent multi-specialty group in the Kansas City area. Medical 
Directorship of the Cardiology Department of a 430-bed community 
medical center will be ofered to the right candidate, along with the 
opportunity to participate in teaching and training programs. The incen- 
tive package is very attractive and flexible. 








Outstanding urban amenities are available with nationally recognized 
school systems and affordable luxury housing. Please send Curriculum 
Vitae to: 





JOHN STORM 
51 North 12th Street 
Kansas City, KS 66102 
(913) 281-7775 * FAX (913) 281-8494 































ACADEMIC CARDIOLOGIST 
SEEKING: Board Certified Academic Cardi- 
ologist at the JERRY L. PETTIS MEM- 
ORIAL VA HOSPITAL in Loma Linda, 
California. Must have two years training in 
echocardiography and cardiac catheterization 
and have two years post fellowship experience. 
Salary commensurate with training and experi- 
ence. Please send curriculum vitae to: 
Dr. David R. Ferry, Chief 
LLVAH - Cardiology Section (111C) 

11201 Benton Street * Loma Linda, CA 92357 











INDIANA 


Young, progressive single-specialty group practice of fourteen board-certified, univer- 
sity trained cardiologists that provides all of the cardiology services to one regional med- 
ical center and surrounding communities is seeking 1) a cath only invasive non-inva- 
sive cardiologist; 2) a non-invasive cardiologist with special interest and training in 
echocardiography (nuclear medicine license a plus); and 3) a second electrophysiolo- 
gist. This is a private practice offering excellent income potential with an academic 
orientation that includes participation in Cleveland Clinic and Duke sponsored clinical 
trials. For more information reply in confidence to: Wendy Perlman 800-327-1585 


Electrophysiologist 
Interventionalist 
Minnesota 


Join a ek team of eight oe and 
one Electrophysiologist as part of a 170-physician 
multi-specialty pal The Duluth Clinic, 
with 39 specialties and subspecialties, is the most 
comprehensive provider of health care services to a 
population of 500,000 people in northern 
Minnesota, Wisconsin, and Michigan. We are 
located on the shores of Lake Superior, with 
immediate access to the areas numerous 


freshwater lakes, streams and forests. 


Our regional Heart Program includes the 
resources of a 336-bed tertiary hospital attached to 
the clinic. oe opportunities are available at 
the local medical school and family practice 
residency p . Three local universities o 
numerous e and undergraduate programs. 
We seek an Electrophysiologist with interest in a 
combination of EP and general noninvasive 
cardiology, as well as an Interventional Cardiolo- 
gist with training or experience in stents, atherec- 
tomy, rotary ablation devices and laser therapy. 

We invite you to send your CV to Michael Griffin, 
Physician Recruitment, The Duluth Clinic, Dept. 
AJ-4, 400 East Third Street, Duluth, MN 55805. 
Or call TOLL-FREE 1-800-342-1388. An equal 
opportunity employer. 


B@ The Duluth Clinic 


A Regional Health Care System 
































Invasive/Non-Invasive Cardiologist - Florida - 
Excellent opportunities available for BC/BE car- 
diologists to join successful, well-established 
private practices. Ideally situated in affluent 
and rapidly growing communities surrounding 
beautiful Ft. Lauderdale. Salary, incentives and 
excellent benefit package. Partnership oppor- 
tunities. Send CV to: North Broward Hospital 
District, Physician Recruitment, 303 S.E. 17th 
Street, Ft. Lauderdale, FL 33316. 


CARDIOLOGY DUKE UNIVERSITY MEDICAL 
CENTER is working with several progressive community hos- 
pitals located in piedmont North Caroline and southern Virginia 
to recruit BE/BC cardiologists. These cardiologists will con- 
duct community-based private practices while holding fac- 
ulty appointments at Duke University Medical Center in order 
to pursue clinical, research, and educational interests. Excellent 
incentive packages available. For more information contact: 
James P. Knight, Director 
Office of Clinical Service Development 
DUKE UNIVERSITY MEDICAL CENTER 
Box 3229-A * Durham ¢ North Carolina * 27710 
919-286-4640 
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Please call us 6-8 weeks in advance if you are moving. 












QUESTIONS 
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Are you encountering any problems with your 
) subscription? Need single copies or additional 
\ ee subscriptions? Call us toll free. 
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The journal makes a useful, 
timely gift to colleagues. Simply 
call to place your orders. 
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CALL TOLL FREE 
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In Colorado call 1-303-388-4511 
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There is a safer way 
to get a great picture. 


Nonionic 


OPTIRAY 








And a safer way to 
great cardiac imaging. 
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Also available in a 35% concentration: OPTIRAY* 350 (ioversol injection 74%) 





Great cardiac visualization with 
the safety of lower iodine... 


A recent clinical study showed that OPTIRAY” 320 (ioversol injection 68%) 
provides equivalent image density when compared with contrast agents of 
higher iodine concentration.’ 


So OPTIRAY* 320 provides a means 
for reducing the amount of iodine 
administered with no reduction in 
overall image quality. And a lower 
iodine dose may reduce the 
likelihood of renal dysfunction.’ 


Mean arterial density* 


193.0 


Omnipaque* 350* lsovue~-3707 OPTIRAY* 320 
(350 mgl/mL) (370 mgl/mL) (320 mgi/mL) 





lower viscosity... and lower osmolality. 


Viscosity (CPS at 37°C) 


Osmolality (mOsm/kg H,0) 


Omnipaque* 350* lsovue"-370T OPTIRAY” 320 


Omnipaque* 350* lsovue~-3707 OPTIRAY* 320 





The low viscosity and greater flow OPTIRAY* 320 has the lowest 
rate of OPTIRAY* 320 mean easier osmolality of these nonionic 
hand injections and images contrast media. 

equivalent to contrast agents with 

a higher iodine concentration 


Sometimes all you need is a little less, to get more. 


All nonionic iodinated contrast media currently available inhibit blood coagulation, in vitro, less than ionic contrast media. Clotting has 
been reported when blood remains in contact with syringes containing nonionic contrast media. Therefore, meticulous intravascular 
administration technique is necessary to minimize thromboembolic events. 

References: 


1. Kern MJ, Roth RA, Aguirre FV, Beauman G, Vogel R. Effect of viscosity and iodine concentration of nonionic radiographic contrast media on coronary arteriography in patients. 
Am Heart J. 1992; 123:160C-165. 2. GomesAS, Baker JD, Martin-Paredero V, et al. Acute renal dysfunction after major arteriography. AUR. 1985; 145:1249-1253. 


*Omnipaque® (iohexol) — Winthrop Pharmaceuticals 
tlsovue® (iopamidol) — E.R. Squibb & Sons, Inc. 


Please see the following page for a brief summary of prescribing information. 


(ioversol) 
—_$_»—_——_— 


A safer way to great imaging 


OPTIRAY® 160 240 320 350 
(loversol Injection) 


DESCRIPTION: Each milliliter of OPTIRAY 160 (ioverso! injection 
ny provides 339 mg of ioversol with 3.6 mg of tromethamine as a buffer 
and 0.2 mg of edetate calcium disodium as a stabilizer. OPTIRAY 160 pro- 
vides 16% (160 mg/mL) organically bound iodine. 

Each milliliter of OPTIRAY 240 (ioverso! injection 51%) provides 509 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 240 provides 24% (240 mg/mL) 
organically bound iodine. 

ach milliliter of OPTIRAY 320 (ioversol injection 68%) provides 678 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mo of edetate 
calcium disodium as a stabilizer. OPTIRAY 320 provides 32% (320 mg/mL) 
organically bound iodine. 

ach milliliter of OPTIRAY 350 (ioversol! injection 74%) provides 741 mg 
of ioverso! with 3.6 mg of tromethamine as a buffer and 0.2 ma of edetate 
calcium disodium as a stabilizer. OPTIRAY 350 provides 35% (350 mg/mL) 
organically bound iodine. 
CONTRAINDICATIONS: None. 
WARNINGS: Nonionic iodinated contrast media inhibit blood 
coagulation, in vitro, less than ionic contrast media. Clotting has been re- 
ported when blood remains in contact with syringes containing nonionic 
contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarc- 
tion and stroke have been reported during angiographic procedures with 
both ionic and nonionic contrast media. Therefore, meticulous intra- 
vascular administration technique is necessary, particularly during angio- 

raphic procedures, to minimize thromboembolic events. Numerous 
actors, including length of procedure, catheter and syringe material, un- 
derlying disease state and concomitant medications may contriDute to the 
development of thromboembolic events. For these reasons, meticulous 
angiographic techniques are recommended including close attention to 
guidewire and catheter manipulation, use of manifold systems and/or 
three-way stopcocks, frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic 
syringes in place of glass syringes has been reported to decrease but not 
eliminate the likelihood of in vitro clotting. 

Serious or fatal reactions have been associated with the administration of 
iodine-containing radiopaque media. It is of utmost importance to be com- 
pletely prepared to treat any contrast medium reaction. 

As with any contrast medium, serious neurologic sequelae. including 
permanent paralysis, can occur following cerebral arteriography, selective 
spinal arteriography and arteriography of vessels evo ee spinal cord. 
A cause-effect relationship to the contrast medium has not been established 
since the patients’ pre-existing condition and procedural tecnnique are 
causative factors in themselves. The arterial injection of a contrast medium 
should never be made following the administration of vasopressors since 
they strongly potentiate neurologic effects. 

aution must be exercised in patients with severely impaired renal 
function, combined renal and hepatic disease, severe thyratoxicosis, 
myelomatosis, or anuria, particularly when large doses are administered. 

Intravascularly administered iodine-containing radiopaque=media are 
potentially hazardous in patients with multiple myeloma or other 

araproteinemia, particularly in those with therapeutically resistant anuria. 

yeloma occurs most commonly in persons over age 40. Although neither 
the contrast agent nor dehydration has been proved separately to be the 
cause of anuria in myelomatous patients, it has been speculated that the 
combination of both may be causative. The risk in myelomatousspatients Is 
not a contraindication to the procedure: however, special precautions, 
including maintenance of normal hydration and close monitoring, are 
required. Partial dehydration in the preparation of these patients prior 
to injection is not recommended since this may predispose the patient to 
precipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 
of having pheochromocytoma should be performed with extreme caution. 
If, in the opinion of the physician, the possible benefits of such procedures 
Outweigh the considered risks, the procedures may be performed; 
however, the amount of radiopaque medium injected should be kept to an 
absolute minimum. The blood pressure should be assessed throughout the 
procedure, and measures for treatment of a hypertensive crisis should 
be available. 

Contrast media may promote sickling in individuals who are homozygous 
for sickle cell disease when administered intravascularly. 

Reports of thyroid storm following the intravascular use ot iodinated 
radiopaque agents in patients with hyperthyroidism or with an auton- 
omously functioning thyroid nodule, suggest that this additional risk be 
evaluated in such patients before use of any contrast medium. 
PRECAUTIONS: General: Diagnostic procedures which involve the 
use of iodinated intravascular contrast agents should be carried-out under 
the direction of personnel skilled and experienced in the particular pro- 
cedure to be performed. A fully equipped emergency cart. or equivalent 
supplies and equipment, and personnel competent in recognizing and treat- 
ing adverse reactions of all types should always be available. Since severe 
delayed reactions have been known to occur, emergency facilities and com- 
petent personnel should be available for at least 30 to 60 minutes after 
administration. 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible non-diabetic patients (often elderly with pre-existing renal 
disease). Patients should be well hydrated prior to and following the 
administration of OPTIRAY. 

The possibility of a reaction, including serious, life-threatening, fatal. 
anaphylactoid or cardiovascular reactions, should always be consid- 
ered (See ADVERSE REACTIONS). Increased risk is associated with a his- 
tory of previous reaction to a contrast medium, a known sensitivity to iodine 
and known allergies (i.e.. bronchial asthma, hay fever and food allergies) or 
jij parece 

he occurrence of severe idiosyncratic reactions has promptecthe use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itselt be hazardous to the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast medium, may be more 
accurate than pretesting in predicting potential adverse reactions. A posi- 
tive history of allergies or hypersensitivity does not arbitrarily contrain- 
dicate the use of a contrast agent when a diagnostic procedure !s thought 
essential, but caution should be exercised. Premedication with antinis- 
tamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. Reports indicate that such pretreat- 
ment does not prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. 

General anesthesia may be indicated in the performance of some proce- 
dures in selected patients: however, a higher incidence of adverse reactions 
has been reported in these patients, and may be attributable to the inability 
of the patient to identify untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increasethe dura- 
tion of exposure to the contrast agent. 

In angiographic procedures, the possibility of dislodging plaques or 
damaging or perforating the vessel wall should be considered during cathe- 
ter manipulations and contrast medium injection. Test injections to insure 
proper catheter placement are ae hee 

Angiography should be avoided whenever possible in patents with 
homocystinuria because of the risk of inducing thrombosis and embolism 

Patients with congestive heart failure should be observed for sev- 
eral hours following the procedure to detect delayed hemodynamic 
disturbances which may be associated with a transitory increase in 
the circulating osmotic load. 

Selective coronary arteriography should be performed only in selected 
patients and those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of anaiocardioaraphvy in patients with chronic pul- 


monary emphysema must be weighed against the necessity for performing 
this procedure. 

Extreme caution during injection of a contrast medium is necessary to 
avoid extravasation. This is especially important in patients with severe 
arterial or venous disease. 

Drug Interactions: Renal toxicity has been reported in a few patients with 
liver dysfunction who were given oral cholecystographic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patients who have recently received 
a cholecystographic contrast agent. 

Other drugs should not be mixed with ioversol injection. 

Drug Laboratory Test interactions: The results of PBI and radioactive 
iodine uptake studies, which depend on iodine estimation, will not accurately 
reflect thyroid function for up to 16 days following administration of iodi- 
nated contrast media. However, thyroid function tests not depending on 
iodine estimations, e.g., T3 resin uptake and total or free thyroxine (T4) 
assays are not affected. 

Carcinogenesis. Mutagenesis, Impairment of Fertility: No long term 
animal studies have been performed to evaluate carcinogenic potential. 
However, animal studies suggest that this drug is not mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic effects attributable to ioversol 
have been observed in teratology studies performed in animals. There are, 
however, no adequate and well controlled studies in pregnant women. It is 
not known whether ioversol crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue passively. Because animal 
teratology studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. X-ray procedures 
involve a certain risk related to the exposure of the fetus. 

Nursing Mothers. It is not known whether ioversol is excreted in human 
milk. However, many injectable contrast agents are excreted unchanged in 
human milk. Although it has not been established that serious adverse reac- 
tions occur in nursing infants, caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions, and consideration should be given to tempo- 
rarily discontinuing nursing 

Pediatric Use. Satety and effectiveness in children have not been 
established. 

ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formulations are usually mild to moderate, of short duration 
and resolve spontaneously (without treatment). However, serious, 
life-threatening and fatal reactions, mostly of cardiovascular origin, have 
ath associated with the administration of iodine-containing contrast 
media. 

Injections of contrast media are often associated with sensations of 
warmth and pain. In controlled double-blind clinical studies, significantly 
less warmth and pain were associated with the injection of OPTIRAY than 
with iothalamate meglumine, diatrizoate meglumine, and diatrizoate meg- 
lumine and diatrizoate sodium 

When OPTIRAY was used for coronary arteriography and ventriculogra- 
phy in double-blind clinical trials, electrocardiographic and hemodynamic 
changes occurred with less frequency and severity with ioversol injection 
than with diatrizoate meglumine and diatrizoate sodium. 

Following coronary artery and left ventricular injection, electrocardio- 
graphic parameters were af‘ected less with OPTIRAY (ioversol injection) 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
parameters included the following: bradycardia, tachycardia, T-wave 
amplitude, ST depression and ST elevation. 

PTIRAY has also been shown to cause fewer changes in cardiac func- 
tion and systemic blood pressure than conventional ionic media. These 
include cardiac output. left ventricular systolic and end-diastolic pressure, 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The ae table of incidence of reactions is based upon Clinical trials 
with OPTIRAY formulations in over 1466 patients. This listing includes all 
adverse reactions which were coincidental to the administration of ioverso! 
regardless of their direct attributability to the drug or the procedure. 
Adverse reactions are listed by organ system and in decreasing order of 
occurrence. Significantly more severe reactions are listed before others ina 
system regardless of frequency. 





Adverse Reactions 
System > 1% = 1% 
Cardiovascular none angina pectoris 


hypotension 
blood pressure 
fluctuation 
arterial spasm 
bradycardia 
conduction defect 
false aneurysm 
hypertension 
transient arrhythmia 
vascular trauma 
nausea 
vomiting 
cerebral infarct 
headache 
blurred vision 
vertigo 
lightheadedness 
vasovagal reaction 
disorientation 
paresthesia 
dysphasia 
muscle spasm 
syncope 
visual hallucination 
laryngeal edema 
pulmonary edema 
sneezing 
nasal congestion 
coughing 
shortness of breath 
hypoxia 
periorbital edema 
urticaria 
facial edema 
flush 
pruritus 
extravasation 
hematoma 
shaking chills 
bad taste 
general pain 
Regardless of the contrast medium employed, the overall incidence of 
serious adverse reaction is higher with coronary arteriography than with 
other procedures. Cardiac decompensation, serious arrhythmias, myocar- 
dial ischemia or myocardial infarction may occur during coronary 
arteriography and left ventriculography. 
General Adverse Reactions to Contrast Media . 
The following adverse reactions are possible with any parenterally admin- 
istered iodinated contrast medium. Severe life-threatening reactions and 
fatalities, mostly of cardiovascular origin, have occurred. Most deaths 
occur during injection or 5 to 10 minutes later; the main feature being car- 
diac arrest with cardiovascular disease as the main aggravating factor. Iso- 
lated reports of hypotensive collapse and shock are found in the literature. 
Based upon Clinical literature. reported deaths from the administration of 


Digestive none 


Nervous none 


Respiratory none 


Skin none 


Miscellaneous none 


conventional iodinated contrast agents range from 6.6 per 1 million 
(0.00066 percent) to 1 in 10,000 patients (0.01 percent). 

The reported incidence of adverse reactions to contrast media in patients 
with a history of allergy is twice that of the general population. Patients with 
a history of previous reactions to a contrast medium are three times more 
susceptible than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations. 

Adverse reactions to injectable contrast media fall into two categories: 
chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. All hemodynamic 
disturbances and injuries to organs or vessels perfused by the contrast 
medium are included in this category. 

idiosyncratic reactions include all other reactions. They occur more fre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may or may 
not be dependent on the dose injected, the speed of injection, the mode of 
injection and the radiographic procedure. Idiosyncratic reactions are sub- 
divided into minor, intermediate and severe. The minor reactions are 
self-limited and of short duration; the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

In addition to the adverse reactions reported for ioversol, the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent. 

Nervous: convulsions, aphasia, paralysis, visual field losses which are 
usually transient but may be permanent, coma and death. 

Cardiovascular: angioneurotic edema, peripheral edema, vasodilation, 
thrombosis and rarely thrombophlebitis, disseminated intravascular 
coagulation and shock. 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchymo- 
Sis and tissue necrosis. 

Respiratory: choking, dyspnea, wheezing which may be an initial man- 
itestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and bronchospasm, apnea and cyanosis. Rarely 
these allergic-type reactions can progress into anaphylaxis with loss of 
consciousness, coma, severe cardiovascular disturbances and death. 

Miscellaneous: hyperthermia, temporary anuria or other nephropathy. 

Other reactions may also occur with the use of “| contrast agent as a 
consequence of the procedural hazard; these include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
lary artery injections, chest pain, myocardial infarction, and transient 
changes in hepatorenal chemistry tests. Arterial thrombosis, displacement 
of arterial plaques, venous thrombosis, dissection of the coronary vessels 
and transient Sinus arrest are rare complications. 

In cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic blood pressure. Neurological reactions that may occur are: 
seizures, drowsiness, transient paresis, and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in controlled clinical 
studies in cerebral arteriography that were considered drug-related and 
occurred with frequencies greater than 1% were: headache, bradycardia, 
blood pressure fluctuation, disorientation, nausea and vertigo. 

In aortography, ae on the technique employed, the risks of this 
procedure also include the following: injury to the aorta and neighboring 
organs, pleural puncture, renal damage including infarction and acute tubu- 
lar necrosis with oliguria and anuria, retroperitoneal hemorrhage from the 
translumbar approach and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
circulation there is an increased likelihood for oe to cause muscle 
spasm. Occasional serious neurologic complications, including paraplegia, 
have also been reported in patients with aortoiliac obstruction, femoral 
artery obstruction, abdominal compression, hypotension, hypertension, 
spinal anesthesia, and injection of vasopressors to increase contrast. In 
these patients the concentration, volume, and number of fa injections 
of the medium should be maintained at a minimum with appropriate 
intervals between injections. The position of the patient and catheter tip 
should be carefully monitored. 

Entry of a large aortic dose into the renal artery may cause, even in 
the absence of symptoms, albuminuria, hematuria, and an elevated creat- 
ot and urea nitrogen. Rapid and complete return of function usually 

ollows. 

There were no cardiovascular system reactions with OPTIRAY in con- 
trolled clinical studies in coronary arteriography with left ventriculography 
that were considered drug-related and occurred with a frequency greater 
than 1%. 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 


Cerebral Arteriography 

Extreme caution is advised in patients with advanced arteriosclerosis, 
severe hypertension, cardiac decompensation, senility, recent cerebral 
thrombosis or embolism, and migraine. 


Peripheral Arteriography 

Pulsation should be present in the artery to be injected. In thromboan- 
giitis obliterans, or ascending infection associated with severe ischemia, 
angiography should be performed with extreme caution, if at all. 


Coronary Arteriography and Left Ventriculogrephy 

Mandatory prerequisites to the procedure are specialized personnel, ECG 
monitoring apparatus and adequate facilities for immediate resuscitation 
and cardioversion. Electrocardiograms and vital signs should be routinely 
monitored throughout the procedure. 


Venography 

Special care is required when venography is performed in patients with 
suspected thrombosis, phlebitis, severe ischemic disease, local infection cr 
a totally obstructed venous system. In order to minimize extravasation 
during injection, fluoroscopy is recommended. 


Intravenous Digital Subtraction Angiography 

In addition to the general precautions previously described, the risks 
associated with IV DSA include those usually attendant with catheter pro- 
cedures and include intramural injections, vessel dissection and tissue 
extravasation. The potential risk is reduced when small test injections of 
contrast medium are made under fluoroscopic observation to insure that 
the catheter tip is properly positioned and, in the case of peripheral place- 
ment, that the vein is of adequate size. 

Patient motion, including respiration and swallowing, can result in mis- 
registration leading to image degradation and non-diagnostic studies. 


OVERDOSAGE: The adverse effects of overdosage are life- 
threatening and affect mainly the pulmonary and cardiovascular system. 
Treatment of an overdosage is directed toward the support of all vital 
functions, and prompt institution of symptomatic therapy. 

loverso! does not bind to plasma or serum protein and is therefore, 
dialyzable. 

he intravenous LD,, values (gi/kg) for ioversol in animals were: 

17 (mice), and 15 (rats): 
DOSAGE AND ADMINISTRATION: Details on dosage 
tate in the package insert. CONSULT FULL PACKAGE INSERT 
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As an adjunct to diet, after an inadequate response to 

exercise, dietary therapy, weight loss and trial of other 
pharmacologic agents (such as bile acid sequestrants 

and nicotinic acid) 


IOPID 


(gemfibrozil ) 8928 sip 


REDUCES THE RISK OF DEVELOPING CHD 
IN PATIENTS WITH THE TRIAD OF RISK 


LOPID is indicated as adjunctive therapy to diet for reducing the risk 

of developing coronary heart disease only in Type IIb patients: 

e Without history of or symptoms of existing coronary heart disease 

e Who have had an ie pi sy response to weight loss, dietary 
therapy, exercise, and other pharmacologic agents (such as bile acid 
sequestrants and nicotinic acid, known to reduce LDL- and raise 
HDL- cholesterol) 


and 


* Who have the following triad of lipid abnormalities: low HDL-cholesterol 
levels in addition to elevated LDL-cholesterol and elevated triglycerides 


In addition: 

* The potential benefit of gemfibrozil in treating Type lla patients with elevations of 
LDL-cholesterol only is not likely to outweigh the risks 

* LOPID is not indicated for the treatment of patients with low HDL-cholesterol as their 
only lipid abnormality 

LOPID is contraindicated in patients with hepatic or severe renal dysfunction, including 

primary biliary cirrhosis, preexisting gallbladder disease, or hypersensitivity to gemfibrozil 

LOPID may increase cholesterol secretion into the bile, leading to cholelithiasis 

Caution should be exercised when anticoagulants are given in conjunction with LOPID 
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nthe group and 83 (4.1%) in the group originally randomized to 
1.20 in favor of placebo). Because of the Han on tied sine ofthe Helsinki Heart Sudy fe the observed 
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Study. See NICAL PHARMACOLOGY section in full prescribing information which includes the following: The 
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mortality coronary heart disease has not been demonstrated and because liver and interstitial 
cell testicular tumors were increased in rats, Lopid should be administered only to those patients described in the 
DESE Te secie Kadyan pl sere pe fbr Lopid should be discontinued. 
-Caution shouldbe exercised when anticoagulants are given in conjunction wih Lopid. The 


dosage ol he anicoagu d be reduced to maintain the prothrombin ime at the desired level to prevent bleeding 
Frequent prothrombin determinations are advisable 


~ Lopid, may 
> a ee ca een 


is inadequate after 
3 Interactions — (A) HMG-COA reductase inhibitors: Rhabdomyolysis has occurred with combined gemfibrozil 


until it has been definitely determined that the 
pany ante 


with Lopid and Mevacor® Qovastatin) has been associated wih adoro} Me j 
acute renal failure. IN VI 


elevated 
LY ALL 


BENEFIT OF COMBINED THERAPY WITH LOVASTATIN AND GEMFIBROZIL DOES NOT OUTWEIGH THE RISKS OF SEVERE 
MYOPATHY, RHABDOMYOLYSIS, AND ACUTE RENAL FAILURE (see Drug Interactions). The use of fibrates alone, incl uding 
occasionally be associated with Patients receiving Lopid and complaining of muscle pain, tenderness, 
including serum creatine kinase level determination. If 


cis esar cas Lopid therapy should be withdrawn. 

lar bilateral cataracts occurred in 10%, and unilateral in 6.3% of male rats treated with gemfibrozil at 
Sofie te lama aoe 

PRECAUTIONS 


1. Initial Therapy —Laboratory studies should be done to ascertain that the lipid levels are consistently abnormal. Before 
instituting Lopid np perme attempt should be made to control serum lipids with appropriate diet, exercise, weight loss in 
pratt conio any medical problems such as diabetes mellitus and hypothyroidism that are con to 


_ the lipid abnormalities. 
2. ree ener raoc aaaea a oan Wick shouid bs obiske, and the drug withdrawn if lipid 


months of therapy. 


therapy. It may be seen as as 3 weeks after initiation of combined therapy or after several months. In most 
subjects who have had an unsatisfactory lipi response to either drug alone, the possible benefit of combined with 
lovastatin (or other HMG-CoA reductase inhibi seu does not outweigh the risks of severe myopathy, 


myolysis, and acute renal failure. There is no assurance periodic monitoring of creatine kinase will prevent the occurrence 
of severe myopathy and 
BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN CONJUNCTION WITH 
PID. THE ANTIC SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT THE 
DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

an ooa pase n saoe aea nae T — Long-term studies have been conducted in rats at 0.2 

on surface area, . The incidence of benign liver nodules and liver carcinomas 
oh eae, Te fer ole eacinonas res aso i on low dose males, but 
1), Male rats had a dose-related and statistically significant increase of 
rats had a significant increase in the combined incidence of benign, and 
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| significant differences from controls in the incidence of liver tumors, but the doses tested were than 


lectron microscopy studies hepatic peroxisome proliferation following Lopid administration to 
pE eton microscopy et peorsome polation has not been done in humans but changes in peroxisome 
have been pioa eel Peroxisome proliferation has been shown to occur in humans with either of two other 
were compared before and after treatment in the same individual. 
He oot? ties the human dose (based on surface area) to male rats for 10 weeks resulted 
Se tg hala that this effect was reversed after a drug-free period of 
about eight weeks, and it was not transmitted to the 
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was confirmed. levels administration. 
we Because of the more limited size of the Helsinki Heart Study Rarely, severe anemia, leukopen ia, and 
aa ea lll ie brah Maat nna bone marrow hypoplasia have been Therefore, 
. DOi ara gel deel aiea ey si P laters set mS ano ing the first 12 
different from the the 600- mg months of Lopid administration 
clofibrate errs WHO Ay a the 9 ye em 1 Z 1 BID B. Lier Function Abnormal iver funtion es hae ben 
folow up. Norcornar hear 3 Tablete cbsened occasiorally during Lopid adniristation including 
an excess in the group originally randomized to Lopid dodion TERTA (Sern) LDH bilirubin, and 
pda crs ma abt alkaline phosphatase. These are usually reversible when Lopid 
is discontinued. Therefore liver function studies are 
primary prevention componen component of the recommended and Lopid should be terminated if 
from any cause was 44 (2.2% persist. 
eerste ; incl the 35 year follow-up period since the trial was completed, 9. Kidney Function —There have been reports of worsening renal upon the addition of Lopid therapy 


insufficiency 
individuals with baseline plasma creatinine > 20 ae naj ree Peete i 
considered the risks and benefits of a lower of Lopid. 

10. Use in ildren — Safety and efficacy in children and adolescents have not been established. 

ADVERSE REACTIONS 

in the double blind controlled phase of the primary prevention component ofthe Helsinki Heart Study, 2046 patients received 


Lopid for up to 5 years. In that study, the following adverse reactions were statistically more frequent subjects in the Lopid 
gey: LOPID PLACEBO 
(N=2035) 

- Frequency i in percent of subjects 

Gastrointestinal reactions 34.2 23.8 

Dyspepsia 19.6 11.9 

Abdominal 2 98 5.6 

ari 12 0.6 

a confirmed in most cases where data were available) 
Pa fibrillation 0.7 0.1 


Adverse events reported by more than 1% of subjects, but without a significant diflerence between groups: 
Diarrhea 
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Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of erent in the heo ne component, 
a 64% excess, which is not statistically diferent from the excess of ge ere oh a 


to the placebo group of the WHO study. Gallbladder surgery was also performed more frequently in the Lopid group 
Compared to placebo (19% vs. 03%, p= Ce oe dary oreenton component. A saiialy significant increase in 
appendectomy in the gemfibrozil group was seen also in the secondary prevention component component (6 on gemfibrozil vs. 0 on 


placebo, p = 0.014). 

Nervous system and special senses adverse reactions were more common in the Lopid group. These included 
hypesthesia, paresihesias, and and taste perversion. Other adverse reactions that were more common among Lopid treatment 
Ecorse ar 


From other studies it seems ye a 
(see pr ue S), and to ABN 


somnolence, paresthesia, peripheral neurs oian bido En adai: Eye: an vision; Goniturtac 
INGS and Drug Interactions under PRECAUTIO Benigar phosphokinase, increased 
bilirubin, increased liver transaminases (AST [SGOT], ALT (SGPT), alkaline phosphatase; Hematopoietic: anemia, 
ja, bone marrow eosinophilia; /mm edema, urticaria; /nteg 
GR LATS KOT SSD General: weight loss; Cardiac: Gastrointestinal: pancreatitis, 
colitis; Central Nervous System: syncope; Eye: retinal edema; Genitourinary: y 
“thrombocytopenia; 


Pehari bl - Clinical Laboratory: positive antinuclear antibody; Hematopoietic: 
t : | btm i aeai vasculitis; /ntegumentary: alopecia. 
The recomende se adults is 1200 mg administered in two divided doses 30 minutes before the morning and 


OVERDOSAGE 
ase ee ae symptomatic supportive measures should be taken should it occur. 
ee en tok white, et film-coated, scored tablets, each containing 600 mg gemfibrozil, are available as follows: 


N 0071-0737:30 Botis ol 
Sahii Bories os packages of 100 (10 strips of 10 tablets each) 


No. 737 
Sian, Store below 30° C (86° F). 
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BRIEF SUMMARY 
CARDIZEM’ 
(diltiazem hydrochloride) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block except 
in the presence of a functioning ventricular pacemaker (3) patients 
with hypotension (less than 90 mm Hg systolic), (4) patients who 
have demonstrated hypersensitivity to the drug, and (5) patients with 
acute myocardial infarction and pulmonary congestion documented 
by x-ray on admission 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory 
periods without significantly prolonging sinus node recovery 
time, except in patients with sick sinus syndrome. This effect may 
rarely result in abnormally slow heart rates (particularly in 
patients with sick sinus syndrome) or second- or third-degree AV 
block (six of 1.243 patients for 0.48%). Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A patient with Prinzmetal's angina 
developed periods of asystole (2 to 5 seconds) after a single dose 
of 60 mg of diltiazem 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations 
hemodynamic studies in humans with normal ventricular function 
have not shown a reduction in cardiac index nor consistent 
negative effects on contractility (dp/dt). Expenence with the use 
of CARDIZEM alone or in combination with beta-blockers in 
patients with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients 

3. Hypotension. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension 

4. Acute Hepatic Injury. In rare instances, significant etevations in 
enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, and 
other phenomena consistent with acute hepatic injury have been 
noted. These reactions have been reversible upon discontinuation 
of drug therapy. The relationship to CARDIZEM is uncertain in 
most cases. but probable in some. (See PRECAUTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is 
extensively metabolized by the liver and excreted by the kidneys and 
in bile. As with any drug given over prolonged periods. laboratory 
parameters should be monitored at regular intervals The drug 
should be used with caution in patients with impaired rena! or hepatic 
function. In subacute and chronic dog and rat studies designed to 
produce toxicity, high doses of diltiazem were associated with 
hepatic damage. In special subacute hepatic studies, oral doses of 
125 mg/kg and higher in rats were associated with histological 
changes in the liver which were reversible when the drug was 
discontinued. In dogs. doses of 20 mg/kg were also associated with 
hepatic changes: however, these changes were reversible with 
continued dosing 

Dermatological events (see ADVERSE REACTIONS section) may 
be transient and may disappear despite continued use of CARDIZEM 
However, skin eruptions progressing to erythema multiforme and/or 
exfoliative dermatitis have also been infrequently reported. Should a 
dermatologic reaction persist, the drug should be discontinued 

Drug Interaction. Due to the potential for additive effeets, caution 
and careful titration are warranted in patients receiving CARDIZEM 
concomitantly with any agents known to affect cardiac contractility 
and/or conduction. (See WARNINGS. ) 

Pharmacologic studies indicate that there may be additive effects 
in prolonging AV conduction when using beta-blockers or digitalis 
concomitantly with CARDIZEM. (See WARNINGS.) 
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CARDIZEM 


diltiazem HCI) tablets 


UNSURPASSED 





EFFICACY 


AND SAFETY 


As with all drugs, care should be exercised when treating patients 
with multiple medications. CARDIZEM undergoes biotransformation 
by cytochrome P-450 mixed function oxidase. Coadministration of 
CARDIZEM with other agents which follow the same route of 
biotransformation may result in the competitive inhibition of 
metabolism. Dosages of similarly metabolized drugs, particularly 
those of low therapeutic ratio or in patients with renal and/or hepatic 
impairment, may require adjustment when starting or Stopping 
concomitantly administered CARDIZEM to maintain optimum 
therapeutic blood levels 


Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers or 
digitalis is usually well tolerated. Available data are not sufficient 
however, to predict the effects of concomitant treatment, particularly 
in patients with left ventricular dysfunction or cardiac conduction 
abnormalities 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers resulted in 
increased propranolol levels in all subjects and bioavailability of 
propranolol was increased approximately 50%. If combination 
therapy is initiated or withdrawn in conjunction with propranolol, an 
adjustment in the propranolol dose may be warranted. (See 
WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and area- 
under-the-curve (53%) after a 1-week course of cimetidine at 1,200 
mg per day and diltiazem 60 mg per day. Ranitidine produced 
smaller, nonsignificant increases. The effect may be mediated by 
cimetidine’s known inhibition of hepatic cytochrome P-450, the 
enzyme system probably responsible for the first-pass metabolism of 
diltiazem. Patients currently receiving diltiazem therapy should be 
carefully monitored for a change in pharmacological effect when 
initiating and discontinuing therapy with cimetidine. An adjustment in 
the diltiazem dose may be warranted 

Digitalis: Administration of CARDIZEM with digoxin in 24 healthy 
male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase In 
digoxin levels in 12 patients with coronary artery disease. Since there 
have been conflicting results regarding the effect of digoxin levels, it 
is recommended that digoxin levels be monitored when initiating 
adjusting, and discontinuing CARDIZEM therapy to avoid possible 
over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, conductivity, 
and automaticity as well as the vascular dilation associated with 
anesthetics may be potentiated by calcium channel blockers. When 
used concomitantly, anesthetics and calcium blockers should be 
titrated carefully 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24- 
month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic response 
in in vitro bacterial tests. No intrinsic effect on fertility was observed 
in rats 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal 
lethality. These doses. in some studies, have been reported to cause 
skeletal abnormalities. In the perinatal/postnatal studies, there was 
some reduction in early individual pup weights and survival rates 
There was an increased incidence of stillbirths at doses of 20 times 
the human dose or greater 

There are no well-controlled studies in pregnant women; therefore 
use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus 

Nursing Mothers. Diltiazem is excreted in human milk. One report 
suggests that concentrations in breast milk may approximate serum 
levels. If use of CARDIZEM is deemed essential, an alternative 
method of infant feeding should be instituted 






e WP, Kvill L. Dempsey EE, Grace M. J Am Coll Cardiol. 1988;12: 1562-1567. 
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Pediatric Use. Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to 
date, but it should be recognized that patients with impaired 
ventricular function and cardiac conduction abnormalities have 
usually been excluded. 

in domestic placebo-controlled angina trials, the incidence of 
adverse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical studies of 
angina patients. In many cases, the relationship to CARDIZEM has 
not been established. The most common occurrences from these 
studies, as well as their frequency of presentation, are: edema 
(2.4%), headache (2.1%), nausea (1.9%), dizziness (1.5%), rash 
(1.3%), asthenia (1.2%). In addition, the following events were 
reported infrequently (less than 1%): 

Cardiovascular: Angina, arrhythmia, AV block (first degree), 
AV block (second or third degree—see 
conduction warning), bradycardia, bundle 
branch block, congestive heart failure, ECG 
abnormality, flushing, hypotension 
palpitations, syncope, tachycardia, ventricular 
extrasystoles 

Abnormal dreams, amnesia, depression, gait 
abnormality, hallucinations, insomnia, 
nervousness, paresthesia, personality 
change, somnolence. tremor 


Nervous System: 


Gastrointestinal: Anorexia, constipation, diarrhea, dysgeusia, 
dyspepsia, mild elevations of alkaline 
phosphatase, SGOT, SGPT, and LDH (see 
hepatic warnings), thirst, vomiting, weight 
increase 

Dermatological: Petechiae photosensitivity, pruritus, 
urticaria. 

Other: Amblyopia, CPK elevation, dry mouth, 
dyspnea, epistaxis, eye irritation, 


hyperglycemia, hyperuricemia, impotence, 
muscle cramps, nasal congestion, nocturia, 
osteoarticular pain, polyuria, sexual 
difficulties, tinnitus 
The following postmarketing events have been 
reported infrequently in patients receiving CARDIZEM: alopecia, 
erythema multiforme, extrapyramidal symptoms, gingival 
hyperplasia, hemolytic anemia, increased bleeding time, leukopenia, 
purpura, retinopathy, and thrombocytopenia. There have been 
observed cases of a generalized rash, characterized as 
leukocytoclastic vasculitis. In addition, events such as myocardial 
infarction have been observed which are not readily distinguishable 
from the natural history of the disease in these patients. A definitive 
cause and effect relationship between these events and CARDIZEM 
therapy cannot yet be established. Exfoliative dermatitis (proven by 
rechallenge) has also been reported. 


HOW SUPPLIED 
CARDIZEM” (diltiazem hydrochloride) is available in bottles of 
90 (60 mg, 90 mg, 120 mg tablets), bottles of 100 (30 mg, 60 mg, 
90 mg, 120 mg tablets), bottles of 500 (30 mg, 60 mg tablets), 
and UDIP~ packages of 100 
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Efficiency of a Physician-Operated Mobile Intensive Care Unit 
for Prehospital Thrombolysis in Acute Myocardial Infarction 
Hans-Richard Arntz, Richard Stern, Thomas Linderer, and Rolf Schröder 


During 19 consecutive months, the Klinikum Steglitz, Berlin, mobile 
intensive care unit was called to 1,226 patients who had chest pain of 
presumed cardiac origin. Four hundred seventeen of them developed in- 
hospital evidence of acute myocardial infarction. The on-scene electrocar- 
diographic interpretation of acute injury was correct in 268 of 417 patients 
with acute myocardial infarction and false-positive in 4. In 8%, present ST 
elevations were not recognized. In 27%, the electrocardiogram on the 
scene was nondiagnostic (16% with no ST elevation, 11% with bundle 
branch block). Within 4 hours from symptom onset, prehospital throm- 
bolysis was performed in 124 of 203 patients (61%) with ST elevation (in 
74 patients within the first hour). There was no prehospital death, and 
hospital mortality was 6.3%. 


424... 
Patient Delay and Receipt of Thrombolytic Therapy Among 
Patients with Acute Myocardial Infarction from a Community- 
Wide Perspective 

Robert J. Goldberg, Jerry Gurwitz, Jorge Yarzebski, Joan Landon, Joel 
M. Gore, Joseph S. Alpert, Priscilla M. Dalen, and James E. Dalen 


The duration of patient delay from the onset of symptoms of acute myo- 
cardial infarction (AMI) to hospital presentation, and the relation of delay 
time and patient characteristics to receipt of thrombolytic therapy were 
examined. In all, 800 patients with validated AMI hospitalized at 16 
hospitals in Worcester, Massachusetts, in 1986 and 1988 constituted the 
study sample. Patients delayed on average 4 hours between noting symp- 
toms suggestive of AMI and hospital arrival. The shorter the time interval 
of delay, the greater the likelihood of receiving thrombolytic therapy: 
patients arriving at the emergency department within 1 hour of the onset 
of acute symptoms were approximately 6.5 times more likely to receive 
thrombolytic therapy than were those presenting to the hospital >6 hours 
after the onset of symptoms. Results of a multivariate analysis showed 
increasing length of delay, older age, history of hypertension or AMI and 
non-Q-wave AMI to be significantly associated with patients not receiving 
thrombolytic therapy. 
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Diagnosis of Right Ventricular Acute Myocardial Infarction by 
Dual Isotope Thallium-201 and Indium-111 Antimyosin 
SPECT Imaging 

Maria L. Antunes, Lynne L. Johnson, David W. Seldin, Ketan Bhatia, Mary 
E. Tresgallo, Robin L. Greenspan, Robert A. Vaccarino, and 

Roxanne A. Rodney 


To evaluate the diagnostic value of indium-111 antimyosin for detecting 
right ventricular (RV) infarction, 30 patients with electrocardiographic 
documented inferior myocardial infarction underwent simultaneous dual 
isotope indium-111 antimyosin and thallium-201 single-photon emission 
computed tomography (SPECT) within 2 days of admission. RV necrosis 
was defined as uptake of indium-111 antimyosin anterior and to the right 
of septal thallium uptake. Twenty-nine of the 30 patients (97%) patients 
had indium-111 antimyosin uptake in the inferior, posterior or lateral 
walls of the left ventricle and 14 of 30 (47%) had additional RV antimyo- 
sin uptake. Twelve of the 14 patients with RV antimyosin uptake under- 
went gated blood pool scintigraphy before hospital discharge and 7 of 12 
had RV dysfunction. In summary, simultaneous dual isotope thallium- 
201 /indium-111 antimyosin SPECT images can aid in diagnosing RV 
necrosis in patients with inferior wall left ventricular acute myocardial 
infarction. 


432 

Frequency of Late Potentials on Signal-Averaged 
Electrocardiograms During Thallium Stress Testing in 
Coronary Artery Disease 

Daniel J. Lenihan, Edmund Coyne, Barry Feldman, Richard Black, and 
Gary Collins 


The effect of ischemia on the development of late potentials detected by 
signal-averaged electrocardiography was investigated during single-pho- 
ton emission computed tomography thallium exercise testing in 51 pa- 
tients. No significant changes in the parameters of signal-averaged elec- 
trocardiography were noted during exercise-induced scintigraphically 
proven ischemia even in the presence of a previous myocardial infarction. 
Patients with late potentials at baseline may actually have a shortened 
QRS duration during reversible ischemia as opposed to the expected 
lengthening of the QRS. 


TASE a a ae ae V 
Relation of the Level of High-Density Lipoprotein Subfractions 
to the Presence and Extent of Coronary Artery Disease 

Heinz Drexel, Franz W. Amann, Katharina Rentsch, Christian 
Neuenschwander, Antonia Luethy, Shabana I. Khan, and Ferenc Follath 


Plasma lipoprotein profiles of 87 patients with angiographically docu- 
mented coronary artery disease (CAD) were compared with those of 28 
with normal coronary arteries. High-density lipoprotein (HDL) subfrac- 
tions HDL, and HDL; were determined by a dual precipitation method. 
The largest difference was observed for HDL; cholesterol, with a mean of 
0.13 mmol/liter in CAD patients compared with 0.25 mmol/liter in 
control subjects (p <0.005). Smaller significant differences were also 
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found in HDL, and HDL cholesterol, apolipoprotein A-1 and plasma 
triglycerides, whereas plasma and low-density lipoprotein cholesterol, and 
apolipoprotein B were not significantly different between CAD patients 
and control subjects. In simple regression analysis, HDL» cholesterol had 
the strongest association with the extent of CAD (Spearman rho = 0.311; 
p <0.001 ). Stepwise multiple regression analysis proved HDL» cholesterol 
and age to be independent predictors of extent of CAD. Thus, of all lipid 
parameters measured, HDL, cholesterol was most closely related to both 
presence and extent of CAD. 


441 

Comparison of Heart Rate Variability in Survivors and 
Nonsurvivors of Sudden Cardiac Arrest 

Cynthia M. Dougherty and Robert L. Burr 


Heart rate (HR) variability, measured about 48 hours after sudden cardi- 
ac arrest, was reduced in nonsurvivors and survivors of sudden cardiac 
arrest when compared with normal control subjects. A cross-sectional 
study was performed to determine if HR variability and autonomic ner- 
vous system influence were reduced after sudden cardiac arrest. Nonsurvi- 
vors of sudden cardiac arrest had the lowest HR variability and loss of 
both parasympathetic and sympathetic nervous system components of the 
HR spectrum when compared with survivors and control subjects. Survi- 
vors of cardiac arrest had low HR variability but had low- and high- 
frequency components of the HR spectrum similar to normal control 
subjects. 


CP SA ae ee ORME ET CNY SF perigee ees ge.) ne eee ene 
Results of Directional Atherectomy of Primary Atheromatous 
and Restenosis Lesions in Coronary Arteries and Saphenous 
Vein Grafts 

Kirk N. Garratt, David R. Holmes, Jr., Malcolm R. Bell, Peter B. Berger, 
Urs P. Kaufmann, John F. Bresnahan, and Ronald E. Vlietstra 


During a 2-year period, 158 patients underwent directional coronary 
atherectomy at the Mayo Clinic. Technical and clinical success were 
>90%. Major complications (myocardial infarction, coronary bypass or 
death) occurred in 7% of patients. Vein graft and restenosis lesions tended 
to have greater success and fewer complications. Restenosis rates were not 
lower than those previously reported for balloon angioplasty. These obser- 
vational data suggest that directional coronary atherectomy is as safe and 
effective as balloon angioplasty, but may not reduce restenosis rates, and 
support the need for a randomized trial to compare the 2 techniques. 


o. SNAN TAN ie D SERN Sete DSR E E P. E E ET A EGS E a 
intravascular Ultrasound to Assess Aortocoronary Venous 
Bypass Grafts In Vivo 

Silvia Nase-Hueppmeier, Rainer Uebis, Rolf Doerr, and Peter Hanrath 


In 20 patients undergoing repeat coronary angiography 4 months to 11 

years after aortocoronary venous bypass operation, 21 graft was studied 

by both intravascular ultrasound and quantitative angiography. The ve- 

nous wall in general appeared to be homogenous; there were no separate 
Continued on page A18 
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layers identifiable. In 4 patients (10 of 75 scanned graft sites), neither 
ultrasound nor angiography revealed any pathologic changes; these by- 
passes were classified as normal. In the remaining 65 sites, arteriosclerotic 
changes were detected in each case by ultrasound, but in only 33 sites by 
angiography. Median wall thickness differed significantly between normal 
(0.59 mm) and pathologic (1.02 mm) grafts (p <0.001 ). Cross-sectional 
luminal area determined by both methods correlated well (r = 0.90; p 
<0.001); however, the area measured by ultrasound was significantly 
larger (17 + 4 vs 14 + 4 mm’; p <0.001 ). Thus, intravascular ultrasound 
proved to be safe and superior to angiography in detecting minimal arte- 
riosclerotic lesions and distinguishing normal from diseased venous bypass 
grafts. 
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459 

Ventricular Tachycardia in Chagas’ Disease 

Alberto G. Giniger, Enrique O. Retyk, Ruben A. Laifio, Estrella G. Sananes, 
and Alberto R. Lapuente 


This study examines the usefulness of the electrophysiologic approach in 
selecting antiarrhythmic drug therapy in chagasic patients with ventricu- 
lar tachycardia (VT). Retrospective analysis was performed on 71 chaga- 
sic patients submitted for treatment of VT: 45 underwent programmed 
electrical stimulation (PES group), and 26 received amiodarone therapy 
without electrophysiologic evaluation (non-PES group). Sustained VT 
was induced in 18 of 45 patients (40%), and at least 1 effective class I drug 
preventing induction of VT was effective in 13. The final outcome was 2 
nonsudden deaths (15.3%). Mortality rate of the remaining 24 patients 
from the PES group, in whom no effective drug could be identified by PES 
and then received amiodarone therapy, was 29.1%; and that of patients 
from the non-PES group, 26.9%. It is concluded that the electrophysio- 
logic approach improves survival in this study population, but only 29% 
were eligible for PES-guided therapy. 


1 RL ees S L NAE koe LADE ee ened CANF PRs acre AAT Pte ee 
Comparison of Atrial Overdrive Pacing With and Without 
Extrastimuli for Termination of Atrial Flutter 

John T.Y. Hii, L. Brent Mitchell, Henry J. Duff, D. George Wyse, and 
Anne M. Gillis 


This study assessed the relative efficacies of atrial extrastimuli following a 
rapid pacing train, and short and long burst atrial overdrive pacing for the 
termination of atrial flutter in 30 patients. Pacing therapies successfully 
converted atrial flutter to sinus rhythm in 73% of patients. The atrial 
extrastimuli method successfully converted atrial flutter to sinus rhythm 
in a significantly greater proportion of patients (62%) than did the short 
burst (8%) or the long burst (8%) pacing methods (p <0.001 ). Sustained 
atrial fibrillation developed in 3 patients during atrial overdrive pacing 
therapies and in none during atrial extrastimulation. Thus, the method of 
delivering atrial extrastimuli following a rapid pacing train is highly effi- 
cacious for the termination of sustained atrial flutter. 


Continued on page A23 
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renal insufficiency, see full 
Prescribing Information. 


ZOCOR is contraindicated in 
patients who are hypersensitive 
to any component of the 
medication; in patients 

with active liver disease 

or unexplained persistent 
transaminase elevations (see 
WARNINGS); in pregnant or 
lactating patients; and in women 
of childbearing age except when 
such patients are highly unlikely 
to conceive. For additional 
details, including information 
about liver function testing and 
myopathy, see full Prescribing 
Information. 


In indicated patients, 


A positive effect 
on all key lipid parameters 


Overall mean percent changes* aid 


LDL HDL Total | 
Cholesterol Cholesterol Cholesterol Triglycerides 


+13% 





* Mean percent changes from baseline from two randomized controlled 
trials of 6 to 8 weeks’ duration in 95 patients receiving ZOCOR 5 mg 
once daily. In these studies, mean baseline cholesterol levels (on diet) 
were 209 mg/dL for LDL cholesterol and 288 mg/dL for total cholesterol. 


** Mean percent changes from baseline from six randomized controlled 
trials of 4 to 12 weeks’ duration in 767 patients receiving ZOCOR 10, 20, 
or 40 mg once daily. In these studies, mean baseline cholesterol levels 
(on diet) were 277 mg/dL for LDL cholesterol and 354 mg/dL for total 
cholesterol. 





For a Brief Summary of Prescribing Information, please see the 
next page of this advertisement. 
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ZOCOR 


SIMVASTATIN 





=m ONCE-A-DAY 


(SIMVASTATIN) 


ZOCOR is available in 5-mg, !0-mg, 
20-mg, and 40-mg tablet strengths. 


CONTRAINDICATIONS: Hypersensitivity to any component of this 
medication. 

Active liver disease or unexplained persistent elevations of serum 
transaminases (see WARNINGS). 

Pregnancy and lactation. Atherosclerosis is a chronic process, and the 
discontinuation of lipid-lowering drugs during pregnancy should have little 
impact on the outcome of long-term therapy of primary hypescholesterolemia 
Moreover, cholesterol and other products of the cholesterol biosynthesis 
pathway are essential components for fetal development, including synthesis 
of steroids and cell membranes. Because of the ability of HMG-CoA reductase 
inhibitors such as ZOCOR® (S mvastatin) to decrease the synthesis of 
cholestero! and possibly other products of the cholestero! biosynthesis 
pathway, ZOCOR may cause fetal harm when administered to a pregnant 
woman. Therefore, simvastatin is contraindicated during pregnancy and in 
nursing mothers. Simvastatin should be administered to women of 
childbearing age only when such patients are highly unlikely to 
conceive. |f a patient becomes pregnant while taking this crug, simvastatin 
should be discontinued and the patient should be apprised of the potential 
hazard to the fetus 
WARNINGS: Liver Dysfunction: Persistent increases (to more than 
3 times the upper limit of normal) in serum transaminases have 
occurred in 1% of patients who received simvastatin in clinical 
trials. When drug treatment was interrupted or discontinued in these 
patients, the transaminase levels usually fell slowly to pretreatment levels. 
The increases were not associated with jaundice or other clinical signs or 
symptoms. There was no evidence of hypersensitivity 

It is recommended that liver function tests be performed during 
therapy with simvastatin. Serum transaminase levels, including 
ALT (SGPT), should be monitored before treatment begins, every 6 
weeks for the first 3 months, every 8 weeks during the remainder 
of the first year, and periodically thereafter (e.g., at approximately 
6-month intervals). Special attention should be paie to patients who 
develop elevated serum transaminase levels, and in ‘hese patients, 
measurements should be repeated promptly and then performed more 
frequently. If the transaminase levels show evidence of progression, 
particularly if they rise to 3 times the upper limit of normal amd are persistent, 
the drug should be discontinued. Liver biopsy should be considered if 
elevations persist beyond the discontinuation of the drug. 

The drug should be used with caution in patients who consume 
substantial quantities of alcoho! and/or have a past histosy-of liver disease 
Active liver diseases or unexplained transaminase elevations are 
contraindications to the use of simvastatin 

As with other lipid-lowering acents, moderate (less than 3 times the upper 
limit of normal) elevations of serum transaminases have been reported 
following therapy with simvastatin. These changes appeared soon after 
initiation of therapy with simvastatin, were often transient, were not 
accompanied by any symptoms, and did not require interruption of treatment 
Skeletal Muscle: Rare cases 3f rhabdomyolysis with acute renal failure 
secondary to myoglobinuria have been associated with Simvastatin therapy 

_Rhabdomyolysis has also been associated with other HMG-CoA reductase 
inhibitors when they were administered alone or concomitantly with 1) 
immunosuppressive therapy, including cyclosporine in cardiac transplant 
patients; 2) gemfibrozil or lipid-lowering doses (21 g/day) of nicotinic acid in 
non-transplant patients; or 3) erythromycin in seriously ill patients. Some of 
the patients who had rhabdomyolysis in association with the reductase 
inhibitors had preexisting renal insufficiency, usually as 2 consequence of 
longstanding diabetes. In most subjects who have had an unsatisfactory lipid 
response to either simvastatin or gemfibrozil alone, the passible benefits of 
combined therapy with these drugs are not considered to autweigh the risk of 
severe myopathy, rhabdomyolysis, and acute renal failure. While it is not 
known whether this interaction occurs with fibrates other than gemfibrozil, 
myopathy and rhabdomyolysis have occasionally been associated with the use 
of other fibrates alone, including clofibrate. Therefore, the combined use of 
simvastatin with other fibrates should generally be avoided 

Physicians contemplating combined therapy with simwastatin and lipid- 
lowering doses of nicotinic acid or with immunosuppresswe drugs should 
carefully weigh the potential benefits and risks and should carefully monitor 
patients for any signs or symptoms of muscle pain, tenderness, or weakness, 
particularly during the initial months of therapy and during any periods of 
upward dosage titration of either drug. Periodic creatine phosphokinase (CPK) 
determinations may be considered in such situations, bul these is no assurance 
that such monitoring will prevent the occurrence of severe myopathy 

Because of an apparent relationship between myopathy anc increased plasma 
levels of active metabolites derived from other HMG-CoA reductase inhibitors, 
the daily dosage should not exceed 10 mg/day in patients who are taking 
cyclosporine (see DOSAGE AND ADMINISTRATION in Prescribing Information) 

Simvastatin therapy should be temporarily withheld or 
discontinued in any patient who has an acute, serious condition 
suggestive of a myopathy or who has a risk factor predisposing to 
the development of renal tailure secondary to rhabdomyolysis 
(e.g., severe acute infection, hypotension, major surgery, trauma, 
severe metabolic, endocrine, and electrolyte disorders, and 
uncontrolled seizures). 

Myopathy should be considered in any patient with diffuse myalgias, 
muscle tenderness or weakness, and/or marked elevation of CPK. Patients 
should be advised to report promptly unexplained muscle pain, tenderness, 
or weakness, particularly if accompanied by malaise or ‘ever. Simvastatin 
therapy should be discontinued if markedly elevated CPK levels occur or if 
myopathy is diagnosed or suspected 
PRECAUTIONS: General: Before instituting therapy with ZOCOR, an attempt 
should be made to control hypercholesterolemia with appropsiate diet, exercise, 
and weight reduction in obese patients and to treat other underlying medical 
problems (see INDICATIONS AND USAGE in Prescribing Information) 

Simvastatin may cause elevation of CPK and transaminase levels (see 
WARNINGS and ADVERSE REACTIONS). This should be considered in the 
differential diagnosis of chest pain in a patient on therapy with simvastatin, 
Homozygous Familial Hypercholesterolemia: ZOCOR is less effective 
in patients with the rare homozygous familial hypercholesterolemia, 
possibly because these patients have few functional LDL receptors 
Information for Patients: Patients should be advised to report promptly 
unexplained muscle pain, tenderness, or weakness, particularly if 
accompanied by malaise or fever 


Drug Interactions: Immunosuppressive Drugs, Gemfibrozil, Niacin 
(Nicotinic Acid), Erythromycin: See WARNINGS, Skeletal Muscle 

Antipyrine. Because simvastatin had no effect on the pharmacokinetics of 
antipyrine, interactions with other drugs metabolized via the same 
cytochrome isozymes are not expected 

Propranolol: In healthy male volunteers. there was a significant decrease in 
mean Cmax, but no change in AUC, for simvastatin total and active inhibitors 
with concomitant administration of single doses of ZOCOR” (Simvastatin) 
and propranolol. The clinical relevance of this finding is unclear The 
pharmacokinetics of the enantiomers of propranolol were not affected 

Digoxin: Concomitant administration of a single dose of digoxin in healthy 
male volunteers receiving simvastatin resulted in a slight elevation (less than 
0.3 ng/mL) in digoxin concentrations in plasma (as measured by a 
radioimmunoassay) compared to concomitant administration of placebo and 
digoxin. Patients taking digoxin should be monitored appropriately when 
simvastatin is initiated 

Warfarin. Simvastatin therapy appeared to enhance slightly the 
anticoagulant effect of warfarin (mean changes in prothrombin time less than 
2 seconds) in normal volunteers maintained in a state of low therapeutic 
anticoagulation. With other reductase inhibitors, clinically evident bleeding 
and/or increased prothrombin time has been reported in a few patients taking 
coumarin anticoagulants concomitantly. In such patients, prothrombin time 
should be determined before starting simvastatin and frequently enough 
during early therapy to insure that no significant alteration of prothrombin time 
occurs. Once a stable prothrombin time has been documented, prothrombin 
times can be monitored at the intervals usually recommended for patients on 
coumarin anticoagulants. If the dose ot simvastatin is changed, the same 
procedure should be repeated. Simvastatin therapy has not been associated 
with bleeding or with changes in prothrombin time in patients not taking 
anticoagulants 

Other Concomitant Therapy: Although specific interaction studies were not 
performed, in clinical studies, simvastatin was used concomitantly with 
angiotensin-converting-enzyme (ACE) inhibitors, beta blockers, calcium channel 
blockers, diuretics, and nonsteroidal anti-inflammatory drugs (NSAIDs) without 
evidence of clinically significant adverse interactions. The effect of cholestyramine 
on the absorption and kinetics of simvastatin has not been determined 
Endocrine Funetion: HMG-CoA reductase inhibitors interfere with 
cholesterol synthesis and as such might theoretically blunt adrenal and/or 
gonadal steroid production. However, clinical studies have shown that 
simvastatin does not reduce basal plasma cortisol concentration or impair 
adrenal reserve anc does not reduce basal plasma testosterone concentration 
(see CLINICAL PHARMACOLOGY, Clinical Studies in Prescribing 
Information). Another HMG-CoA reductase inhibitor has been shown to 
reduce the plasma testosterone response to HCG; the effect of simvastatin on 
HCG -stimulated testosterone secretion has not been studied 

Results of clinical trials with drugs in this class have been inconsistent with 
regard to drug effects on basal and reserve steroid levels. The effects of HMG- 
CoA reductase inhibitors on male fertility have not been studied in adequate 
numbers of male patients. The effects, if any, on the pituitary-gonadal axis in pre- 
menopausal women are unknown. Patients treated with simvastatin who develop 
clinical evidence of endocrine dysfunction should be evaluated appropriately 
Caution should also be exercised if an HMG-CoA reductase inhibitor or other 
agent used to lower cholesterol levels is administered to patients who are also 
receiving other drugs (e.g., ketoconazole, spironolactone, cimetidine) that may 
decrease the levels ør activity of endogenous steroid hormones. 
CNS Toxicity: Optic nerve degeneration was seen in clinically normal dogs 
treated with simvastatin for 14 weeks at 180 mg/kg/day, a dose that 
produced mean plasma drug levels about 44 times higher than the mean 
drug level in humans taking 40 mg/day 

CNS vascular lesions, characterized by perivascular hemorrhage and 
edema, mononuclear cell infiltration of perivascular spaces, perivascular 
fibrin deposits, and necrosis of small vessels, were seen in dogs treated 
with simvastatin at a dose of 360 mg/kg/day, a dose that produced plasma 
drug levels that were about 50 times higher than the mean drug levels in 
humans taking 40 mg/day. Similar CNS vascular lesions have been 
observed with several other drugs of this class 

A chemically similar drug in this class also produced optic nerve 
degeneration (Wallerian degeneration of retinogeniculate fibers) in clinically 
normal dogs in a dose-dependent fashion starting at 60 mg/kg/day. a dose 
that produced mean plasma drug levels about 30 times higher than the 
mean drug level in humans taking the highest recommended dose (as 
measured by total enzyme inhibitory activity). This same drug also produced 
vestibulocochlear Wallerian-like degeneration and retinal ganglion cell 
chromatolysis in dogs treated for 14 weeks at 180 mg/kg/day, a dose that 
resulted in a mean plasma drug level similar to that seen with the 
60 mg/kg/day dose 
Carcinogenesis, Mutagenesis, Impairment of Fertility: |n a /2-week 
carcinogenicity study, mice were administered daily doses of simvastatin of 
25, 100, and 400 mg/kg body weight. which resulted in mean plasma drug 
levels approximately 3, 15, and 33 times higher than the mean human 
plasma drug concentration (as total inhibitory activity) after a 40-mg oral 
dose. Liver carcinomas were significantly increased in high-dose females 
and in mid- and nigh-dose males, with a maximum incidence of 90% in 
males. The incidence of adenomas of the liver was significantly increased in 
mid- and high-dose females. Drug treatment also significantly increased the 
incidence of lung adenomas in mid- and high-dose males and females 
Adenomas of the Harderian gland (a gland of the eye of rodents) were 
significantly higher in high-dose mice than in controls No evidence of a 
tumorigenic effect was observed at 25 mg/kg/day. Although mice were given 
up to 500 times the human dose (HD) on a mg/kg body weight basis, blood 
levels of HMG-CoA reductase inhibitory activity were only 3 to 33 times 
higher in mice than in humans given 40 mg of ZOCOR 

In a separate 92-week carcinogenicity study in mice at doses of up to 
25 mg/kg/day, no evidence of a tumorigenic effect was observed. Although 
mice were given up to 31 times the human dose on a mg/kg basis, plasma 
drug levels were only 2 to 4 times higher than in humans given 40 mg 
simvastatin as measured by AUC 

In a 2-year stucy in rats, there was a statistically significant increase in the 
incidence of thyroid follicular adenomas in female rats exposed to 
approximately 45 times higher levels of simvastatin than humans given 40 mg 
simvastatin (as measured by AUC). Preliminary results from a second 2-year 
rat study indicate an increase in the incidence of thyroid and liver tumors in 
male and female rats at doses that produce exposure levels 229 times 
(based on AUC) those achieved in humans at a dosage of 40 mg/day Liver 
tumors are found in rodents with all the chemically similar drugs of this 
class. No increased incidence of tumors was observed at doses that 
produce exposure levels 15 times (based on AUC) those seen in man 

No evidence o! mutagenicity was observed in a microbial mutagen test 
using mutant strains of Salmonella typhimurium with or without rat or 
mouse liver metabolic activation In addition, no evidence of damage to 
genetic material was noted in an in vitro alkaline elution assay using rat 


hepatocytes, a V-79 mammalian cell forward mutation study, an in vitro 
chromosome aberration study in CHO cells, or an in vivo chromosomal 
aberration assay in mouse bone marrow. 

There was decreased fertility in male rats treated with simvastatin for 34 weeks 
at 25 mg/kg body weight (15 times the maximum human exposure level, based 
on AUC, in patients receiving 40 mg/day); however, this effect was not observed 
during a subsequent fertility study in which simvastatin was administered at this 
same dose level to male rats for 11 weeks (the entire cycle of spermatogenesis 
including epididymal maturation). No microscopic changes were observed in the 
testes of rats from either study. At 180 mg/kg/day (which produces exposure 
levels 44 times higher than those in humans taking 40 mg/day), seminiferous 
tubule degeneration (necrosis and loss of spermatogenic epithelium) was 
observed. In dogs, there was drug-related testicular atrophy, decreased 
spermatogenesis, spermatocytic degeneration, and giant cell formation at 
10 mg/kg/day (approximately 7 times the human exposure level. based on AUC, 
at 40 mg/day). The clinical significance of these findings is unclear. 
Pregnancy: Pregnancy Category X See CONTRAINDICATIONS 

Safety in pregnant women has not been established Simvastatin was not 
teratogenic in rats at doses of 25 mg/kg/day or in rabbits at doses of up to 
10 mg/kg daily These doses resulted in 6 times (rat) or 4 times (rabbit) the 
human exposure based on mg/m? surface area. However, in studies with 
another structurally related HMG-CoA reductase inhibitor. skeletal 
malformations were observed in rats and mice. Simvastatin should be 
administered to women of childbearing potential only when such patients are 
highly unlikely to conceive and have been informed of the potential hazards. If 
a woman becomes pregnant while taking simvastatin, it should be 
discontinued and the patient should be advised again as to the potential 
hazards to the fetus 
Nursing Mothers: \t is not known whether simvastatin is excreted in 
human milk. Because a small amount of another drug in this class is 
excreted in human milk and because of the potential for serious adverse 
reactions in nursing infants, women taking simvastatin should not nurse 
their infants (see CONTRAINDICATIONS). 

Pediatric Use: Satety and effectiveness in children and adolescents have 
not been established Because children and adolescents are not likely to 
benefit from cholesterol lowering for at least a decade and because 
experience with this drug is limited (no studies in subjects below the age of 
20 years), treatment of children or adolescents with simvastatin is not 
recommended at this time 

ADVERSE REACTIONS: In the controlled clinical studies and their open 
extensions (2,423 patients with mean duration of follow-up of approximately 
18 months), 1.4% of patients were discontinued due to adverse experiences 
attributable to ZOCOR” (Simvastatin). Adverse reactions have usually been 
mild and transient ZOCOR has been evaluated for serious adverse reactions 
in more than 21,000 patients and is generally well tolerated 

Clinical Adverse Experiences: Adverse experiences occurring at an 
incidence of 1% or greater in patients treated with ZOCOR, regardless of 
causality, in controlled clinical studies are shown in the table below 


ZOCOR Placebo Cholestyramine Probucol 
(N=1,583) (N=157)  (N=179) (N=81) 

Body as a Whole 

Abdominal pain 3.2% 3.2% 8.9% 2.5% 

Asthenia 1.6 2.5 ti 12 
Gastrointestinal 

Constipation 23 13 29.1 12 

Diarrhea 19 25 78 37 

Dyspepsia 11 — 45 37 

Flatulence 19 13 145 6.2 

Nausea 13 19 10.1 25 
Nervous System/Psychiatric 

Headache 35 51 45 37 
Respiratory 

Upper respiratory infection 2.1 19 3.4 6.2 


The following effects have been reported with drugs in this class: 

Skeletal: Myopathy, rhabdomyolysis, arthralgias 

Neurological’ Dysfunction of certain cranial nerves (including alteration 
of taste, impairment of extraocular movement, facia! paresis), tremor, 
vertigo, memory loss, paresthesia, peripheral neuropathy, peripheral nerve 
palsy, anxiety, insomnia, depression 

Hypersensitivity Reactions: An apparent hypersensitivity syndrome has 
been reported rarely which has included one or more of the following features 
anaphylaxis, angioedema, lupus erythematous -like syndrome, polymyalgia 
rheumatica, vasculitis. purpura, thrombocytopenia, leukopenia, hemolytic 
anemia, positive ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, 
photosensitivity, fever, chills, flushing, malaise, dyspnea, toxic epidermal 
necrolysis, erythema multiforme, including Stevens-Johnson syndrome. 

Gastrointestinal. Pancreatitis: hepatitis, including chronic active hepatitis, 
cholestatic jaundice. fatty change in liver, and, rarely, cirrhosis, fulminant 
hepatic necrosis, and hepatoma; anorexia; vomiting 

Skin: Alopecia 

Reproductive: Gynecomastia, loss of libido, erectile dysfunction. 

Eye: Progression of cataracts (lens opacities), ophthalmoplegia. 

Laboratory Abnormalities: Elevated transaminases, alkaline phosphatase, 
and bilirubin; thyroid function abnormalities 
Laboratory Tests: Marked persistent increases of serum transaminases 
have been noted (see WARNINGS, Liver Dysfunction). About 5% of patients 
had elevations of CPK levels of 3 or more times the normal value on one or 
more occasions. This was attributable to the noncardiac fraction of CPK 
Muscle pain or dysfunction usually was not reported (see WARNINGS 
Skeletal Muscle) 
Concomitant Therapy: in controlled clinical studies in which simvastatin 
was administered concomitantly with cholestyramine, no adverse reactions 
peculiar to this concomitant treatment were observed. The adverse reactions 
that occurred were limited to those reported previously with simvastatin or 
cholestyramine. The combined use of simvastatin with fibrates should 
generally be avoided (see WARNINGS, Skeletal Muscle). 
OVERDOSAGE: Significant lethality was observed in mice after a single 
oral dose of 9 g/m?. No evidence of lethality was observed in rats or dogs 
treated with doses of 30 and 100 g/m*, respectively. No specific diagnostic 
signs were observed in rodents. Al these doses, the only signs seen in dogs 
were emesis and mucoid stools 

There have been no cases of Clinically significant overdosage with 
ZOCOR in humans. Until further experience is 


obtained, no specific treatment of overdosage Cs MERCK 


with ZOCOR can be recommended. 


For more detailed information, consult your Merck Representative or 
see Prescribing Information. MERCK & CO. Inc , West Point, PA 19486. 
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Relation of Regression of Left Ventricular Hypertrophy to 
Changes in Ambulatory Blood Pressure After Long-Term 
Therapy with Perindopril Versus Nifedipine 

Karl-Ludwig Schulte, Wolfgang Meyer-Sabellek, Katharina Liederwald, 
Doris van Gemmeren, Tomas Lenz, and Reinhard Gotzen 


Ambulatory 24-hour blood pressure (BP) and left ventricular (LV) hyper- 
trophy were studied in 40 patients with untreated or insufficiently treated 
essential hypertension before and after 24 weeks of therapy with either the 
converting enzyme inhibitor perindopril or the calcium antagonist nifedi- 
pine. A diuretic was added in nonresponders (>90 mm Hg casual diastolic 
BP). The design was a double-blind parallel study with a placebo run-in 
period. Once-daily perindopril and twice-daily nifedipine comparably re- 
duced ambulatory BP throughout 24 hours (p <0.01). LV hypertrophy 
was significantly reduced by both agents. Six subjects withdrew from the 
nifedipine group, and 4 from the perindopril group. The significant corre- 
lation between 24-hour BP and LV mass disappeared after perindopril and 
nifedipine. It is concluded that the regression of LV hypertrophy during 
converting enzyme inhibition and calcium antagonism may be indepen- 
dent of dosage and magnitude of 24-hour BP decrease. 


Co EDEL. Oa 8 Lak Ne SI Tee OS PPE Ie RRO RS 
Effects of Long-Acting Nifedipine on Casual Office Blood 
Pressure Measurements, 24-Hour Ambulatory Blood Pressure 
Profiles, Exercise Parameters and Left Ventricular Mass and 
Function in Black Patients with Mild to Moderate Systemic 
Hypertension 

Shirley J. Middlemost, Michael Sack, Jean Davis, John Skoularigis, 
Thomas Wisenbaugh, Mohammed R. Essop, and Pinhas Sareli 


The effects of long-acting nifedipine were investigated in 39 black patients 
with mild to moderate hypertension over a period of 1 year. There was a 
significant reduction in mean 24-hour ambulatory systolic and diastolic 
blood pressure from 156 + 15 and 99 + 8 mm Hg to 125 + 10 and 79 + 6 
mm Hg (p <0.0001 ), respectively. This was associated with a regression in 
left ventricular mass index from 130 + 40 to 95 + 32 g/m? (p <0.0001) at 
l year with no adverse effect on cardiac function. Patients were able to 
exercise significantly longer (p <0.05) and with a lower peak and 1 minute 
post-effort systolic blood pressure (p <0.05) at 1 year. Results indicate 
that long-acting nifedipine should be regarded as a first-line antihyperten- 
sive agent in black patients with mild to moderate essential hypertension. 
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Renal Function in Severe Congestive Heart Failure During 
Treatment with Enalapril (the Cooperative North Scandinavian 
Enalapril Survival Study [CONSENSUS] Trial) 

Susanne Ljungman, John Kjekshus, and Karl Swedberg, for the 
CONSENSUS Trial Group 


The renal function was examined in a randomized trial of patients with 
severe congestive heart failure (New York Heart Association functional 
class IV) during the first 6 months of treatment with either enalapril 
(n = 123) or placebo (n = 120) in addition to conventional therapy (the 
Cooperative North Scandanavian Enalapril Survival Study trial). Enala- 
pril was administered in a dose of 2.5 to 40 mg /day. After an average 
initial increase of 10 to 15% (10 to 20 wmol/liter) within the first 3 weeks 
of enalapril treatment, mean serum creatinine remained on a similar level 
during the first 6 months. The maximal increase in serum creatinine was 
inversely correlated to the diastolic blood pressure (p = 0.008 ) at baseline 
and at the time of the maximal increase in serum creatinine (p = 0.0001 ). 
The development of hypotension emerged as the strongest factor explain- 
ing an abnormal increase in serum creatinine. In hypotensive patients 
there was a greater increase in serum creatinine, especially in those with 
marked reduction of baseline glomerular filtration rate. 


CE Fe a ee, ae Ee ta AO ee Oe ee ee eee ee a G 
Detection of Skeletal Muscle Fatigue in Patients with Heart 
Failure Using Electromyography 

John R. Wilson, Donna M. Mancini, and Michael Simson, with the 
technical assistance of Andrea Rein and Laura Farrell 


Vastus lateralis surface electromyograms were monitored in 8 ambulatory 
patients with nonedematous heart failure and 6 normal subjects during 
maximal bicycle exercise (20 W increments every 2 minutes) to determine 
if the surface electromyogram can be used to document exertional fatigue 
in patients with heart failure. The electromyogram was stored on tape and 
subsequently analyzed for integrated root-mean-square voltage /contrac- 
tion (IRMSV). At each work load, the iRMSV during the first and last 30 
seconds of the work load were compared. The maximal work load achieved 
by patients with heart failure was significantly lower (73 + 22 W) than in 
normal subjects (150 + 15 W) (p <0.01). During the 2 highest work 
loads, both groups reported leg fatigue and had significant increases in 
iRMSV, consistent with muscle fiber fatigue (maximal work load: 259 + 
59 to 279 + 58 mv » ms [normals] vs 258 + 94 to 283 + 93 mv - ms [heart 
failure]; p <0.03). The data indicate that the surface electromyogram can 
be used to detect skeletal muscle fatigue in patients with heart failure. This 
approach may be useful for assessing the effect of therapeutic interven- 
tions on exertional fatigue. 


Continued on page A31 
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BAYER HAS 
MADE WHAT'S 
OOD FOR THE 
HEART _ a 


GOOD TO THE 
STOMACH. 


Safety-coated Therapy BAYER® ENTERIC: 
An ideal choice for second MI prophylaxis. 


Therapy BAYER® ENTERIC is an excellent way to 
take 100% pure BAYER? aspirin for the long term. 
That's because the enteric coating ensures that the 
delayed-release caplet dissolves only in the intestine, 
minimizing your patients’ risk of gastric irritation. 
Therapy BAYER® ENTERIC is also economically 
priced to cost less than Ecotrin® So it’s a recommen- 
dation that can save your patients dollars — while 
making good sense. 





. D SAFETY COATE FOR ASPIRIN Tell your patients to 

REGIMEN USERS look for the new Therapy 
BAYER® ENTERIC box with 
the green shield. 
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THERAPY FOR LIFE. 


Please see Brief Summary of Prescribing Information on the following page. 
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- BRIEF SUMMARY 
Therapy BAYER” ENTERIC Aspirin 


Delayed-Release Enteric Aspirin (Acetylsalicylic Acid) Caplets to Help Reduce the Risk of 
Second MI or MI in Unstable Angina 


DOSAGE AND ADMINISTRATION: 

Although most of the studies used dosages exceeding 300 mg, two trials used only 300 mg 
daily, and pharmacologic data indicate that this dose inhibits platelet function fully. 
Therefore, 300 mg or a conventional 325 mg aspirin dose daily is a reasonable routine dose 
that would minimize gastrointestinal adverse reactions. This use of aspirin applies to both 
solid oral dosage forms (buffered and plain aspirin) and buffered aspirin in solution. 


CARDIOVASCULAR AND BIOCHEMICAL: 

In the AMIS trial, the dosage of 1,000 mg per day of aspirin was associated with small 
increases in systolic blood pressure (BP) (average 1.5 to 2.1 mm) and diastolic BP (0.5 to 
0.6 mm), depending upon whether maximal or last available readings were used. Blood 
urea nitrogen and uric acid levels were also increased but by less than 1.0 mg percent. 
Subjects with marked hypertension or renal insufficiency had been excluded from the trial 
so that the clinical importance of these observations for such subjects or for any subjects 
treated over more prolonged periods is not known. It is recommended that patients placed 
on long-term aspirin treatment, even at doses of 300 mg per day, be seen at regular intervals 
to assess changes in these measurements. 


BIOAVAILABILITY: 

A single-dose bioavailability study' has demonstrated that plasma acetylsalicylic acid and 
salicylic acid concentrations resulting from Therapy BAYER® ENTERIC are equivalent to 
those from plain aspirin, i.e., non-enteric-coated aspirin. As expected, the enteric coating on 
Therapy BAYER® ENTERIC results in delayed absorption (peak achieved at approximately 
five hours postdosing) relative to plain aspirin. Dissolution of the enteric coating occurs at 
neutral-to-basic pH and is therefore dependent on gastric emptying into the duodenum. 
With continued dosing, appropriate therapeutic plasma levels are maintained. 


SAFETY: 

The safety of enteric-coated aspirin has been demonstrated in a number of endoscopic 
studies comparing enteric-coated aspirin and plain aspirin, as well as plain buffered and 
“arthritis strength” preparations. In these studies, endoscopies were performed in healthy 
volunteers before and after either two-day or 14-day administration of aspirin doses of 
3,900 or 4,000 mg per day. Compared to all the other preparations, the enteric-coated 
aspirin produced significantly less damage to the gastric mucosa. There was also statistically 
less duodenal damage when compared with the plain, i.e., non-enteric-coated, aspirin. 


ADVERSE REACTIONS: 

Gastrointestinal reactions: Doses of 1,000 mg per day of aspirin caused gastrointestinal 
symptoms and bleeding that, in some cases, were clinically significant. In the largest 
postinfarction study (the Aspirin Myocardial Infarction Study [AMIS] with 4,500 people), 
the percentage of incidences of gastrointestinal symptoms for the aspirin (1,000 mg of a 
standard, solid-tablet formulation) and placebo-treated subjects, respectively, were stomach 
pain (14.5%, 4.4%), heartburn (11.9%, 4.8%), nausea and/or vomiting (7.6%, 2.1%), and 
hospitalization for GI disorder (4.9%, 3.5%). In the AMIS and other trials, aspirin-treated 
patients had increased rates of gross gastrointestinal bleeding. Symptoms and signs of 
gastrointestinal irritation were not significantly increased in subjects treated for unstable 
angina with buffered aspirin in solution. 


PROFESSIONAL WARNING: 

Occasional reports have documented individuals with impaired gastric emptying in whom 
there may be retention of one or more enveric-coated aspirin caplets over time. This 
phenomenon may occur as a result of outlet obstruction from ulcer disease alone or 
combined with hypotonic gastric peristalsis. Because of the integrity of the enteric coating in 
an acidic environment, these caplets may accumulate and form a bezoar in the stomach. 
Individuals with this condition may present with complaints of early satiety or of vague 
upper abdominal distress. Diagnosis may be made by endoscopy or by abdominal films, 
which show opacities suggestive of a mass of small caplets? Management may vary 
according to the condition of the patient. Options include gastrotomy and alternating 
slightly basic and neutral lavage.‘ While there have been no clinical reports, it has been 
suggested that such individuals may also be treated with parenteral cimetidine (to reduce 
acid secretion) and then given sips of slightly basic liquids to effect gradual dissolution of 
the enteric coating. Progress may be followed with plasma salicylate levels or via 
recognition of tinnitus by the patient. 


It should be kept in mind that individuals with a history of partial or complete gastrectomy may 
produce reduced amounts of acid and therefore have less acidic gastric pH. Under these circumstances, 
the benefits offered by the acid-resistant enteric coating may not exist. 


REFERENCES: 

1. Data on file, Sterling Health. 2. Aspirin Myocardial Infarction Study Research Group: A 
randomized, controlled trial of aspirin in persons recovered from myocardial infarction. 
JAMA 1980;245:661-669. 3. Bogacz K, Caldron P: Enteric-coated aspirin bezoar: Elevation 
of serum salicylate level by barium study. Am J Med 1987;83:783-786. 4. Baum J: Enteric- 
coated aspirin and the problem of gastric retention. J Rheumatol 1984;11:250-251. 
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nicotine transdermal system) 


FINALLY THE 

END OF SMOKING 
DEPENDENCE MAY 
BE AT HAND... 





For the motivated patient 
who wants to quit 


Habitr | 


nicotine transdermal system 


Habitrol significantly increases 
abstinence rates’ when used as part of 

a comprehensive behavioral smoking 
cessation program—even in moderately to 
highly nicotine-dependent patients" 


E Significantly reduces craving for cigarettes through controlled 
nicotine release’ 


E Helps break the chain of smoking dependence with full 24-hour 
nicotine plasma levels 


E Safe and well tolerated 
E Provides the safety of child-resistant packaging 


Habitrol is available with a Patient Support Kit, to be used as part of a 
comprehensive behavioral smoking cessation program. This kit provides 
materials to help motivated patients address the behavioral and social 
components of smoking dependence. 


This product should not be used for more than three months. The effects of 
Habitrol treatment on fetal development are unknown. Pregnant or nursing 
smokers should be encouraged to attempt smoking cessation using 
nonpharmacologic approaches before using Habitrol. The risks 

vs. benefits of nicotine replacement should be weighed in patients 

with certain cardiovascular and peripheral vascular diseases. 

Certain concomitant medications may need dosage adjustments 

(see Drug Interactions section of complete Prescribing Information). 
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THE PATCH 
THAT BEATS 
THE PACK 
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Helps patients adjust to a smokefree 


lifestyle with gradual reduction of nicotine 


E Available in three dosages for step-down therapy 


E Start most patients on one 21 mg/day patch for 30 days, continue with 
one 14 mg/day patch for 30 days, and follow with one 7 mg/day patch 





for 30 days? 
30 days 30 days 30 days 
21 mg/day?’ 14 mg/day’ 7 mg/day? 
Treatment Range 4-8 weeks 2-4 weeks 2-4 weeks 


E Used and unused systems should be kept 
out of the reach of children and pets 


“Abstinence was measured by diary entries and confirmed by 
breath carbon monoxide levels. 

tRepresents patients scoring =6 points on the Fagerstrom 
Tolerance Test 

*For patients with coronary artery disease or who weigh less 
than 100 Ibs or smoke less than '/2 pack of cigarettes/day, 
please see Individualization of Dosage Section of Prescribing 
Information 

$Patches shown 50% of actual size 


Please see brief summary of Prescribing Information on next page. 





Habitrol™ 


(nicotine transdermal system) 
Systemic delivery of 21, 14, or 
7 mg/day over 24 hours 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Habitrol treatment is indicated as an aid to smoking cessation for 
the relief of nicotine withdrawal symptoms. Habitrol treatment 
should be used as a part of a comprehensive behavioral smoking 
cessation program. 

ne ye of Hobitrol systems for longer than 3 months has not been 
studied. 


CONTRAINDICATIONS 

Use of Habitrol systems is contraindicated in patients with par 
sensitivity or allergy to nicotine or to any of the components of the 
therapeutic system. 


WARNINGS 
Nicotine from any source can be toxic and addictive. Smoking 
causes lung cancer, heart disease, emphysema, and may adversely 
affect the fetus and the pregnant woman. For any ni ba with or 
without concomitant disease or pregnancy, the risk of nicotine 
replacement in a smoking cessation program should be weighed 
against the hazard of continued smoking while using Mabinel ye 
tems, and the likelihood of achieving cessation of smoking without 
nicotine replacement. 
Pregnancy Warnin 
Tobacco smoke, which has been shown to be harmful to the fetus, 
contains nicotine, hydrogen cyanide, and carbon monoxide. Nico- 
tine has been shown in animal studies to cause fetal harm. It is there- 
fore presumed that Habitrol treatment can cause fetal harm when 
administered to a pregnant woman. The effect of nicotine delivery 
by Habitrol systems has not been examined in pregnancy (see PRE- 
CAUTIONS, Other Effects). Therefore pregnant smokers should be 
encouraged to attempt cessation using educational and behav- 
ioral interventions before using pharmacological approaches. If 
Habitrol therapy is used during pregnancy, or if the patient 
becomes pregnant while using Hlabitrol treatment, the patient 
should be apprised of the potential hazard to the fetus. 
Safety Note Concerning Children 
The amounts of nicotine that are tolerated by adult smokers can 
produce symptoms of poisoning and could prove fatal if Habitrol 
systems are applied or se by children or pets. Used 21 mg/ 
ay systems contain about 60% (32 mg) of their initial drug content. 
Therefore, patients should be cautioned to keep both used and 
unused Habitrol systems out of the reach of children and pets. 


PRECAUTIONS 

General 

The patient should be urged to stop smoking completely when initi- 
ating Habitrol therapy [see DOSAGE AND ADMINISTRATION). 
Patients should be informed that if they continue to smoke while 
using Habitrol systems, they may experience adverse effects due to 
peak nicotine levels higher than those experienced from smoking 
alone. If there is a clinically significant increase in cardiovascular 
or other effects attributable to nicotine, the Habitrol dose should be 
reduced or Habitrol treatment discontinued (see WARNINGS). Phy- 
sicians should anticipate that concomitant medications may need 
dosage adjustment (see Drug Interactions). 

The use of Habitrol systems beyond 3 months by patients who 
stop smoking should be discouraged because the chronic con- 
sumption of nicotine by any route can be harmful and addicting. 
Allergic Reactions: In a 6-week open-label dermal irritation and 
sensitization study of Habitrol systems, 22 of 220 patients exhibited 
definite erythema at 24 hours after application. Upon rechallenge, 
3 patients exhibited mild-to-moderate contact allergy. Patients with 
contact sensitization should be cautioned that a serious reaction 
could occur from exposure to other nicotine-containing products or 
smoking. In the efficacy trials, erythema following system removal 
was typically seen in about 17% of patients, some edema in 
4%, and dropouts due to skin reactions occurred in 6% of patients. 

Patients should be instructed to promptly discontinue the Habitrol 
treatment and contact their physicians if they experience severe or 
persistent local skin reactions at the site of application (e.g., severe 
erythema, pruritus or edema) or a generalized skin reaction (e.g., 
urticaria, hives, or generalized rash). 

Skin Disease: Habitrol systems are usually well tolerated b 
patients with normal skin, but may be irritating for patients i 
some skin disorders (atopic or eczematous dermatitis). 
Cardiovascular or Peripheral Vascular Diseases: The risks of nico- 
tine replacement in patients with certain cardiovascular and 
a? vascular diseases should be weighed against the bene- 

its of including nicotine replacement in a smoking cessation pro- 

ram for them. Specifically, patients with coronary heart disease 
thisiors of myocardial infarction and/or angina pectoris), serious 
cardiac arrhythmias, or vasospastic diseases pues disease, 
Prinzmetal’s variant angina) should be carefully screened and 
evaluated before nicotine replacement is prescribed. 

Tachycardia occurring in association with the use of Habitrol 
treatment was reported occasionally. If serious cardiovascular 
symptoms occur with Habitrol treatment, it should be discontinued. 

Habitrol treatment should generally not be used in patients dur- 
ing the immediate post-myocardial salardice period, patients with 
serious arrhythmias, and patients with severe or worsening angina 
pectoris. 

Renal or Hepatic Insufficiency: The pharmacokinetics of nicotine 
have not been studied in the elderly or in patients with renal or 
hepatic impairment. However, given that nicotine is extensively 
metabolized and that its total system clearance is dependent on 
liver blood flow, some influence of hepatic impairment on drug 
kinetics (reduced clearance) should be anticipated. Only severe 
renal impairment would be expected to affect the clearance of nic- 
otine or its metabolites from the circulation (see CLINICAL PHAR- 
MACOLOGY, Pharmacokinetics). 

Endocrine Diseases: Habitrol treatment should be used with cau- 
tion in patients with hyperthyroidism, pheochromocytoma or insu- 
lin-dependent diabetes since nicotine causes the release of 
catecholamines by the adrenal medulla. 

Peptic Ulcer Disease: Nicotine delays healing in peptic ulcer dis- 
ease; therefore, Habitrol treatment should be used with caution in 


patients with active peptic ulcers and only when the benefits of 
including nicotine replacement in a smoking cessation program 
emia the risks. 
Accelerated Hypertension: Nicotine constitutes a risk factor for 
development of malignant hypertension in patients with acceler- 
ated hypertension; therefore, Habitrol treatment should be used 
with caution in these patients and only when the benefits of includ- 
ing nicotine replacement ina smoking cessation program outweigh 
the risks. 
Information for Patients 
A patient instruction sheet is included in the package of Habitrol 
systems dispensed to the patient. It contains importent information 
and instructions on how to use and dispose of Habitrol systems 
properly. Patients should be encouraged to ask questions of the 
physician and pharmacist. 

Rotients must be advised to keep both used and unused systems 
out of the reach of children and pets. 
ae 
Smoking cessation, with or without nicotine replacement, may alter 
the pharmacokinetics of certain concomitant medications. 


May Require a Decrease in 


Dose at Cessation of Smoking Possible Mechanism 


Deinduction of hepatic 


Acetaminophen, caffeine, 
enzymes on smoking cessation 


imipramine, oxazepam 
pertazocine, propranolol, 
theophylline 


Insulin Increase of subcutaneous 
insulin absorption with 
smoking cessation 


Decrease in circulating 
catecholamines with smoking 
cessation 


Adrenergic antagonists (e.g., 
prazosin, labetalol) 


May Require an Increase in 
Dose at Cessation of Smoking 


Acrenergic agonists leg, 
isoproterenol, phenylephrine) 


Possible Mechanism 


Decrease in circulating 
catecholamines with smoking 
cessation 

Corcinogenesis, Mutagenesis, Impairment of Fertility 

Nicotine itself does not appear to be a carcinogen in laboratory 
animals. However, nicotine and its metabolites increased the inci- 
dence of tumors in the cheek pouches of hamsters and forestomach 
of F344 rats, respectively, when given in combination with tumor- 
initiators. One study, which sadna be replicated, suggested that 
cotinine, the primary metabolite of nicotine, may cause lymphoreti- 
cular sarcoma in the large intestine in rots. 

Nicotine and cotinine were not mutagenic in the Ames Salmo- 

nella test. Nicotine induced repairable DNA damage in on E. coli 
test system. Nicotine was shown to be genotoxic in a test system 
using Chinese hamster ovary cells. In rats and rabbits, implantation 
can be delayed or inhibited by a reduction in DNA synthesis that 
appears to be caused by nicotine. Studies have shown a decrease 
in litter size in rats treated with nicotine during gestation. 
Pregnancy Category D (see WARNINGS) 
The harmful effects of cigarette smoking on maternal and fetal 
health are clearly established. These include low birth weight, an 
increased risk of spontaneous abortion, and increased perinatal 
mortality. The specific effects of Habitrol treatment on fetal devel- 
opment are unknown. Therefore, pregnant smokers should be 
encouraged to attempt cessation using educational and behav- 
ioral interventions before using pharmacological approaches. 

Spontaneous abortion during nicotine replacement therapy has 
been reported; as with smoking, nicotine as a contributing factor 
connot be excluded. 

Habitrol treatment should be used during pregnancy only if the 
likelihood of smoking cessation justifies the potential risk of use of 
nicotine replacement by the patient, who may continue to smoke, 
Teratogenicity 
Animal Studies: Nicotine was shown to produce skeletal abnor- 
malities in the offspring of mice when given doses toxic to the dams 
(25 mg/kg/day IP or val 
Human Studies: Nicotine teratogenicity has not been studied in 
humans except as a component of cigarette smoke (each cigarette 
smoked delivers about 1| mg of nicotine}. It has not been possible to 
conclude whether cigarette smoking is teratogenic to humans. 
Other Effects 
Animal Studies: A nicotine bolus (up to 2 mg/kg) to pregnant rhesus 
monkeys caused acidosis, hypercarbia, and hypotension (fetal and 
maternal concentrations were about 20 times those achieved after 
smoking | cigarette in 5 minutes). Fetal breathing movements were 
alee in the fetal lamb after intravenous injection of 0.25 mg/kg 
nicotine to the ewe (equivalent to smoking | cigarette every 20 sec- 
onds for 5 minutes). Uterine blood flow was reduced about 30% 
ater infusion of 0.1 mg/kg/min nicotine for 20 minutes to pregnant 
rhesus monkeys (equivalent to smoking about six cigarettes every 
minute for 20 minutes). 

Human Experience: Cigarette smoking during pregnancy is associ- 
ated with an increased risk of spontaneous abortion, low-birth- 
weight infants and perinatal mortality. Nicotine and carbon 
monoxide are considered the most likely mediators of these out- 
comes. The effects of cigarette smoking on fetal cardiovascular 
parameters has been studied near term. Cigarettes increased fetal 
aortic blood flow and heart rate, and decreased uterine blood flow 
and fetal breathing movements. Habitrol treatment has not been 
studied in pregnant humans. 

Labor and Delivery 

Habitrol systems are not recommended to be left on during labor 
and delivery. The effects of nicotine on the mother or the fetus dur- 
ing labor are unknown. 

Nursing Mothers 

Caution should be exercised when Habitrol therapy is adminis- 
tered to nursing women. The aey of Habitrol treatment in nursing 
infants has not been examined. Nicotine passes freely into breast 
milk: the milk-to-plasma ratio averages 2.9. Nicotine is absorbed 
orally. An infanthas the ability to clear nicotine by hepatic first-pass 
clearance; however, the efficiency of removal is probably lowest at 
birth. The nicotine concentrations in milk can be expected to be 
lower with Habitrol treatment when used as directed than with ciga- 
rette smoking, as maternal plasma nicotine concentrations are 
generally reduced with nicotine replacement. The risk of exposure 





of the infant to nicotine from Habitrol systems should be weighed 
against the risks associated with the infant's exposure to nicotine 
from continued smoking by the mother (passive smoke exposure 
and contamination of breast milk with other components of 
tobacco smoke) and from Habitrol systems alone or in combination 
with continued smoking. 

Pediatric Use 

Habitrol systems are not recommended for use in children because 
the safety and effectiveness of Habitrol treatment in children and 
adolescents who smoke have not been evaluated. 

Geriatric Use 

Forty-eight patients over the age of 60 participated in clinical trials 
of Habitrol therapy. Habitrol therapy appeared to be as effective in 
this age group as in younger smokers. 


ADVERSE REACTIONS 
Assessment of adverse events in the 792 patients who participated 
in controlled clinical trials is complicated by the occurrence of GI 
and CNS effects of nicotine withdrawal as well as nicotine excess. 
The actual incidences of both are confounded by concurrent smok- 
ing by many of the patients. In the trials, when reporting adverse 
events, the investigators did not attempt to identify the cause of the 
symptom. 
Topical Adverse Events 
The most common adverse event associated with topical nicotine is 
a short-lived erythema, pruritus, or burning at the application site, 
which was seen at least once in 35% of patients on Habitrol treat- 
ment in the clinical trials. Local erythema after system removal was 
noted at least once in 17% of paimi and local edema in 4%. Ery- 
thema generally resolved within 24 hours. Cutaneous hypersensi- 
tivity (contact pd occurred in 2% of patients on Habitrol 
treatment (see PRECAUTIONS, Allergic Reactions). 
Probably Causally Related 
The following adverse events were reported more frequently in 
Habitrol-treated patients than in placebo-treated patients or 
exhibited a dose response in clinical trials. 

Digestive system — Diarrhea,” dyspepsia.” 

Mouth/Tooth disorders —Dry mouth. 

Musculoskeletal system —Arthralgia,* myalgia." 

Nervous system — Abnormal dreams,* somnclence.* 





Frequencies for 21 mg/day system 
“Reported in 3% to 9% of patients. 
"Reported in 1% to 3% of patients. 
Unmarked if reported in < 1% of patients. 
Causal Relationship Unknown 
Adverse events reported in Habitrol- and placebo-treated patients 
at about the same frequency in clinical trials are listed below. The 
clinical significance of the association between Habitrol treatment 
and these events is unknown, but they are reported as alerting 
information for the clinician. 
Body as a whole—Allergy,’ back pain." 
Cardiovascular system — Hypertension." 
Digestive system — Abdominal pain,” constipation,” nausea,” 
vomiting. 
Nervous system —Dizziness,* concentration impaired,’ 
headache (17%), insomnia.” 
Respiratory system — Cough increased,* pharyngitis,’ 
sinusitis." 
Urogenital system — Dysmenorrhea." 





Frequencies for 21 mg/day system 
"Reported in 3% to 9% of patients. 
*Reported in 1% to 3% of patients. 
Unmarked if reported in < 1% of patients. 


DRUG ABUSE AND DEPENDENCE 

Habitrol systems are likely to have a low abuse potential based on 
differences between it and cigarettes in four characteristics com- 
monly considered important in contributing to abuse: much slower 
absorption, much smaller fluctuations in blood levels, lower blood 
levels of nicotine, and less frequent use (i.e. once daily). 

Dependence on nicotine polacrilex chewing gum replacement 
therapy has been reported. Such dependence might also occur 
from transference to Habitrol systems of tobacco-based nicotine 
dependence. The use of the system beyond 3 months has not been 
evaluated and should be discouraged. 

To minimize the risk of dependence, patients should be encour- 
aged to withdraw gradually from Habitrol treatment after 4 to 
8 weeks of usage. Recommended dose reduction is to progressively 
decrease the dose every 2 to 4 weeks (see DOSAGE AND ADMIN- 
ISTRATION). 


CAUTION: Federal law prohibits dispensing without prescription. 
C92-] (Rev. 2/92) 
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494 TE AES i ERORAR i L EOIN ER eames OG Bi lf ey ZG 
Effectiveness of Endopeptidase Inhibition (Candoxatril) in 
Congestive Heart Failure 

Dietmar Elsner, Andreas Mantze, Eckhard P. Kromer, and 

Günter A. J. Riegger 


Candoxatril is a novel orally active inhibitor of endopeptidase EC 
3.4.24.11, the enzyme that degrades atrial natriuretic peptide (ANP). Ina 
randomized, placebo-controlled, double-blind study in 12 patients with 
congestive heart failure, candoxatril (150 mg twice daily) acutely in- 
creased plasma ANP levels, suppressed aldosterone and decreased right 
and left ventricular filling pressures. After 10 days of treatment, basal 
ANP was increased and aldosterone was decreased. Body weight was 
decreased, probably reflecting natriuretic or diuretic effects, or both. 
The acute effects of candoxatril on day 10 were the same as on day 1. 
Thus, candoxatril may offer a new and effective approach in heart failure 
therapy. 


CARDIOMYOPATHY 


499 

Clinical Significance of Coronary Artery Disease in 
Hypertrophic Cardiomyopathy 

Ettore Lazzeroni, Angelo Rolli, Enrico Aurier, and Giuseppe Botti 


To assess the clinical and prognostic significance of coronary artery dis- 
ease in hypertrophic cardiomyopathy (HC), 96 patients (62 men, mean 
age 45 years) underwent coronary angiography and 2-dimensional echo- 
cardiography. A group of 11 patients with significant stenosis (>70%) of 1 
or more coronary arteries was compared with a group of 85 patients 
without stenosis. The first group was characterized by older age (59 +7 vs 
42 + 15 years; p <0.05), a greater prevalence of previous myocardial 
infarction (24 vs 0%; p <0.001 ), complex ventricular arrhythmias (100 vs 
50%; p <0.05), nonobstructive forms (82 vs 46%; p <0.05), dilated and 
hypocontractile left ventricle (36 vs 6%; p <0.01) and higher mortality (36 
vs 8%; p <0.05) during a mean follow-up of 3.6 years. It is concluded that 
coronary artery disease associated with HC is a complex clinical syndrome 
that is difficult to diagnose clinically and can modify the natural history of 
HC alone. 


CONGENITAL HEART DISEASE 
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The “Adult” Form of the Scimitar Syndrome 

Claude Dupuis, Louis A.C. Charaf, Georges-Marie Breviére, Pierre Abou, 
Martine Rémy-Jardin, and Gunnar Helmius 


This is a report of a cooperative study of 122 cases of “adult” form of the 
scimitar syndrome. This adult form is characterized by a small shunt at 
the atrial level (right to left shunt <50% in 100 of the 122 patients) and 
satisfactory clinical tolerance. Bronchiestases were rare in this series (3 
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patients). The spontaneous prognosis was good; the results of surgery were 
disappointing. 





MISCELLANEOUS 


| Se ak Seen Rr E Seca tee Sl OOF, EE a eee 
Determinants of Doppler Indexes of Left Ventricular Diastolic 
Function in Normal Subjects (the Framingham Heart Study) 
Emelia J. Benjamin, Daniel Levy, Keaven M. Anderson, Philip A. Wolf, 
Jonathan F. Plehn, Jane C. Evans, Kathy Comai, Deborah L. Fuller, and 
Martin St. John Sutton 


Rigorously defined normal subjects from the Framingham Heart Study 
were examined to define reference values and describe determinants of 
echocardiographic Doppler indexes of left ventricular (LV ) diastolic func- 
tion. Age-specific means and SD are presented for 7 frequently used 
Doppler indexes of diastolic function. Age is the predominant determinant 
of Doppler indexes of LV diastolic function in normal subjects. The strong 
association between age and Doppler indexes is not greatly attenuated 
after adjustment for other clinical parameters associated with diastolic 
function. Heart rate, PR interval, LV systolic function, sex and systolic 
blood pressure are minor determinants of Doppler diastolic function. 
These findings indicate that Doppler LV diastolic function should be 
assessed with reference to age-specific normative values. 


i SS re E EEEE E a PE 
Frequency and Significance of Intrapulmonary Right-to-Left 
Shunting in End-Stage Hepatic Disease 

William E. Hopkins, Alan D. Waggoner, and Benico Barzilai 


The objective of the study was to prospectively determine the prevalence of 
intrapulmonary right-to-left shunting in patients with severe liver disease 
and then compare the clinical characteristics, including etiology and sever- 
ity of liver disease, oxygenation, and short-term survival of those with 
and without evidence of such shunting. Twenty-five of 53 patients (47%) 
had contrast echocardiographic evidence of intrapulmonary right-to-left 
shunting. There was no difference in mean age, gender distribution or 
severity of liver disease in those with and without evidence of such shunt- 
ing. Although there was no difference in mean partial arterial oxygen 
pressure (PaO>) values in the 2 groups, those with 22+ left ventricular 
opacification (2 to 4+) had a significantly lower mean PaO value. Unex- 
pectedly, patients with evidence of intrapulmonary right-to-left shunting 
had a lower mortality rate before transplantation with a significant differ- 
ence in actuarial survival (p <0.05) by the end of the follow-up period. 


520 
Factors Influencing the Development of Hypercholesterolemia 
After Cardiac Transplantation 

Spencer H. Kubo, Jeffrey R. Peters, Kevin R. Knutson, Marshall |. Hertz, 
Maria Teresa Olivari, R. Morton Bolman, and Donald B. Hunninghake 





Cholesterol levels in 151 thoracic transplant patients treated with cyclo- 
sporine, azathioprine and prednisone were retrospectively examined to 
Continued on page A35 
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Only one 

beta blocker 
offers all these 
advantages 
for patients 
with PVCs 


An established starting dose 
and dosage range for PVCs 


~ Cardioselectivity with 
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Spano adverse effect on lipids 
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Safety demonstrated 
in post-MI patients 







See brief summary of 
prescribing information = 
on adjacent page. 
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Usual starting 
dose 


Optimal 
PVC response 


Use in elderly 


200 mg 
b.i.d. 


600 mg to 
1200 mg per day 








Doses above 800 mg per day 
should be avoided 


E EE | TR EEE 
(Brief Summary. See Package Circular for full prescribing information.) 


CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe 
bradycardia; 2) second- and third-degree heart block; 3) overt cardiac failure; 

4) cardiogenic shock. (See WARNINGS) 

WARNINGS: Cardiac Failure: Sympathetic stimulation may be essential for support 
of circulation in patients with diminished myocardial contractility and inhibition by 
B-adrenergic receptor blockade may precipitate more severe failure. Although 
B-blockers should be avoided in overt cardiac failure, SECTRAL can be used 
cautiously when heart failure is controlled with digitalis and/or diuretics. Digitalis and 
SECTRAL impair AV conduction. Withdraw SECTRAL if cardiac failure persists. 

in Patients Without a History of Cardiac Failure: In patients with aortic or mitral 
valve disease or compromised left ventricular function, continued depression of the 
myocardium with B-blockers over time may lead to cardiac failure. Digitalize patients at 
first signs of failure, and/or give a diuretic and observe closely. Withdraw SECTRAL if 
cardiac failure persists. 

Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Abrupt 
discontinuation of some B-blockers in coronary artery disease patients may exacerbate 
angina; in some cases, myocardial infarction and death have been reported. Caution 
such patients against interruption of therapy without a physician's advice. Even in the 
absence of overt ischemic heart disease, withdraw SECTRAL gradually over a period 
of about two weeks; observe carefully and advise patients to minimize physical activity 
during this time. (If desired, patients may be transferred directly to comparable doses 
of an alternative B-blocker without interruption of B-blocking therapy.) If exacerbation of 
angina occurs, restart full-dose anti-anginal therapy immediately and hospitalize 
patient until stabilized. 

Peripheral Vascular Disease: f-antagonists reduce cardiac output and can 
precipitate/aggravate arterial insufficiency in patients with peripheral or mesenteric 
vascular disease. Exercise caution and observe such patients closely for progression 
of arterial obstruction. 

Bronchospastic Diseases: Patients with Bronchospastic Disease Should, in 
General, Not Receive a §-Blocker. Because of its relative B;-selectivity, low doses of 
SECTRAL may be used cautiously in such patients who do not respond to, or cannot 
tolerate, alternative treatment. Since B,-selectivity is not absolute and is dose- 
dependent, use lowest possible dose of SECTRAL initially, preferably in divided doses. 
Make bronchodilator, e.g., theophylline, or a Bz-stimulant, available in advance with 
instructions for use. 

Anesthesia and Major Surgery: The necessity/desirability of withdrawing 

B-blockers prior to major surgery is controversial; the heart's impaired ability to 
respond to B-adrenergically mediated reflex stimuli may enhance the risk of excessive 
myocardial depression during general anesthesia. Difficulty in restarting and 
maintaining the heartbeat also has been reported with beta-blockers. If treatment is 
continued, take special care when using anesthetics that depress the myocardium, 
use lowest possible SECTRAL dose. SECTRAL, like other B-blockers, is a competitive 
inhibitor of B-receptor agonists, so its effects can be reversed by cautious 
administration of such agents (e.g., dobutamine or isoproterenol). Symptoms of 
excessive vagal tone (e.g., profound bradycardia, hypotension) may be corrected with 
atropine. 

Diabetes and Hypoglycemia: -blockers may potentiate insulin-induced 
hypoglycemia and mask some symptoms such as tachycardia; dizziness and 
sweating are usually not significantly affected. Warn diabetics of possible masked 
hypoglycemia. 

Thyrotoxicosis: f-adrenergic blockade may mask some clinical signs (tachycardia) 
of hyperthyroidism. Abrupt withdrawal of SECTRAL may precipitate a thyroid storm in 
patients suspected of developing thyrotoxicosis. 

PRECAUTIONS: Impaired Renal or Hepatic Function: While there are no U.S. 
studies, foreign published experience shows that acebutolol has been used 
successfully in chronic renal insufficiency. Acebutolol is excreted via the G.I. tract, but 
the active metabolite, diacetolol, is eliminated mainly by the kidney. A linear 
relationship exists between renal clearance of diacetolol and creatinine clearance 
(Clor); reduce daily dose of acebutolol by 50% when Cler is less than 50 mL/min and 
by Y5% when it is less than 25 mL/min. Use cautiously in patients with impaired 
hepatic function. 

SECTRAL has been used successfully and without problems in elderly patients in 
U.S. clinical trials without specific dosage adjustment. However, in the elderly, lower 
maintenance doses may be required because bioavailability of SECTRAL and its 
metabolite are approximately doubled. 
information for Patients: Warn patients, especially those with evidence of coronary 
artery disease, against interruption or discontinuation of SECTRAL without physician 
supervision. Although cardiac failure rarely occurs in properly selected patients, 
advise patients to consult a physician if signs or symptoms suggestive of impending 
CHF, or unexplained respiratory symptoms, develop. 

Warn patients of possible severe hypertensive reactions from concomitant use of 
a-adrenergic stimulants, e.g., nasal decongestants used in OTC cold medicines and 
nasal drops. 

Clinical Laboratory Findings: SECTRAL, like other B-blockers has been associated 
with development of antinuclear antibodies (ANA). In prospective clinical trials, 
patients receiving SECTRAL had a dose-dependent increase in the development of 
positive ANA titers. Symptoms related to this laboratory abnormality were infrequent. 
Symptoms and ANA titers were reversible upon discontinuation of SECTRAL. 


Drug Interactions: Catecholamine-depleting drugs may have additive effects when 
given with B-blockers. Observe patients treated with both agents closely for evidence 
of marked bradycardia or hypotension which may present as vertigo, syncope/ 
presyncope, or orthostatic changes in blood pressure without compensatory 
tachycardia. Exaggerated hypertensive responses have been reported from use of 
B-adrenergic antagonists with a-adrenergic stimulants, including those in OTC cold 
remedies and vasoconstrictive nasal drops. Nonsteroidal anti-inflammatory drugs may 
blunt antihypertensive effects of beta-blockers. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Chronic oral toxicity studies 
in rats and mice, at doses 15 times the maximum recommended (60 kg) human dose, 
did not indicate carcinogenic potential for SECTRAL. Diacetolol, the major metabolite 
in man, was without carcinogenic potential in rats at doses up to 1800 mg/kg/d. 
SECTRAL and diacetolol also had no mutagenic potential in the Ames Test. No 
significant impact on reproductive performance or fertility was found in rats following 
SECTRAL or diacetolol doses of up to 240 or 1000 mg/kg/d, respectively. 
Pregnancy: Teratogenic Effects: Pregnancy Category B: No teratogenic effects were 
seen in rat or rabbit reproduction studies utilizing SECTRAL doses that were, 
respectively, approximately 31.5 and 6.8 times the maximum recommended human 
dose. At this dose in the rabbit, slight fetal growth retardation was noted; this was 
considered to be a result of maternal toxicity (evidenced by reduced food intake, 
lowered rate of body weight gain, mortality). Diacetolol studies (doses up to 450 
mg/kg/d in rabbits and up to 1800 mg/kg/d in rats) showed no evidence of fetal harm 
other than a significant elevation in postimplantation loss with 450 mg/kg/d, a level at 
which food consumption and body weight gain were reduced in rabbit dams; there 
was a nonstatistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/d. There are no adequate and well- 
controlled trials in pregnant women; SECTRAL should be used during pregnancy only 
if potential benefit justifies risk to the fetus. 

Nonteratogenic Effects: Human studies indicate that acebutolol and diacetolol cross 
the placenta. Neonates of mothers who received acebutolol during pregnancy have 
reduced birth weight, decreased blood pressure, and decreased heart rate. 

Labor and Delivery: Effect on labor and delivery in pregnant women is unknown. 
Animal studies have shown no effect of SECTRAL on the usual course of labor and 
delivery. 

Nursing Mothers: Acebutolo! and diacetolo! appear in breast milk (milk: plasma ratio 
of 7.1 and 12.2, respectively). Use in nursing mothers is not recommended. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. 
Most adverse effects have been mild, not required therapy discontinuation, and 
tended to decrease as treatment duration increases. 

The incidence of treatment-related side effects (volunteered and elicited) derived 
from U.S. controlled clinical trials in patients with hypertension, angina and arrhythmia 
follows. Numbers represent percentage incidence for SECTRAL (N =1002) versus 
placebo (N=314), respectively. 

Cardiovascular: Chest pain 2%, 1%; Edema 2%, 1%. CNS: Depression 2%, 1%; 
Dizziness 6%, 2%; Fatigue 11%, 4%; Headache 6%, 4%; Insomnia 3%, 1%; Abnormal 
dreams 2%, 1%. Dermatologic: Rash 2%, 1%. Gastrointestinal: Constipation 4%, 0%; 
Diarrhea 4%, 1%; Dyspepsia 4%, 1%; Flatulence 3%, 1%; Nausea 4%, 0%. 
Genitourinary: Micturition (frequency) 3%, <1%. Musculoskeletal: Arthralgia 2%, 2%; 
Myalgia 2%, 0%. Respiratory: Cough 1%, 0%; Dyspnea 4%, 2%; Rhinitis 2%, <1%. 
Special Senses: Abnormal Vision 2%, 0%. 

The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular: hypotension, bradycardia, heart failure. CNS: 
anxiety nyper/hypoesthesia, impotence. Skin: pruritus. Gastrointestinal: vomitting, 
abdominal pain. Genitourinary: dysuria, nocturia. Liver and Biliary: small number of 
reported cases of liver abnormalities (increased SGOT, SGPT, LDH). In some cases, 
increased bilirubin or alkaline phosphatase, fever, malaise, dark urine, anorexia, 
nausea, headache, and/or other symptoms have been reported. In some cases, 
symptoms and signs were confirmed by rechallenge. Abnormalities were reversible 
upon drug cessation. Musculoskeletal: back and joint pain. Respiratory: pharyngitis, 
wheezing. Special Senses: conjunctivitis, dry eye, eye pain. Autoimmune: extremely 
rare reports of systemic lupus erythematosis. 

Incidence of drug-related adverse effects (volunteered and solicited) based on 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 
months on a constant dose.) 


400 mg/day 800 mg/day 1200 mg/day 
Body System (N = 132) (N = 63) (N=71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 


Potential Adverse Effects: Certain adverse effects not listed above have been 
reported with other B-blocking agents and should be considered as potential adverse 
effects of SECTRAL. 

CNS: Reversible mental depression progressing to catatonia, an acute syndrome 
characterized by disorientation for time and place, short-term memory loss, emotional 
lability, slightly clouded sensorium, and decreased performance on neuro- 
psychometrics. 

Cardiovascular: \ntensification of AV block (see CONTRAINDICATIONS). Allergic: 
Erythematous rash, fever with aching and sore throat, laryngospasm, respiratory 
distress. 

Hematologic: Agranulocytosis, nonthrombocytopenic and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis, ischemic colitis. 

Miscellaneous: Reversible alopecia, Peyronie's disease. The oculomucocutaneous 
syndrome associated with practolol has not been reported with SECTRAL. 

Keep at room temperature, Approximately 25°C (77°F). 
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evaluate the factors influencing the heterogeneity of changes after the first 
vear after transplantation in patients on a standard 3-drug immunosup- 
pression regimen. Three groups were compared including ischemic heart 
transplant (n = 72), nonischemic heart transplant (n = 64) and heart- 
lung /lung transplant recipients (n = 15). After the first year, 64 patients 
(43%) developed consistent hypercholesterolemia (>240 mg/dl) for 
which pharmacologic treatment was initiated. F orty-eight patients (67%) 
required treatment in the ischemic heart transplant group, which was 
significantly (p <0.001 ) greater than both the nonischemic (n = 14: 22%) 
and heart-lung /lung transplant group (n = 2; 13%). Univariate and for- 
ward stepwise multivariate linear regression analysis identified 4 factors 
that were all significantly and independently correlated with follow-up 
cholesterol including prednisone dose (p <0.001), baseline cholesterol (p 
<0.001), glucose (p <0.001) and weight gain (p <0.01). These data 
demonstrate that hypercholesterolemia is a common occurrence in heart 
transplant recipients treated with standard 3-drug immunosuppression 
and generally develops within the first 2 years after transplantation. How- 
ever, this complication is not uniform and appears to be most strongly 
related to previous ischemic heart disease. Finally, this complication is a 
multifactorial process that is related to several risk factors, including 
prednisone dose, glucose levels and weight gain. 


SO ad VEAIN EE is AEE R T 
Error Rates With Which Endomyocardial Biopsy Specimens 
are Graded for Rejection After Cardiac Transplantation 

Linda D. Sharples, Nat R.B. Cary, Stephen R. Large, and John Wallwork 


Endomyocardial biopsy is the gold standard for diagnosing rejection after 
cardiac transplantation. As rejection is a patchy process, accurate diagno- 
sis depends on adequate sampling. This study used the results of 459 
biopsy samples in which 4 fragments were graded to estimate the error 
rates with which biopsy specimens are graded. It was shown that 4 grad- 
able fragments at each biopsy session are adequate as a minimum in most 
cases. However, if only 4 fragments are available, and >3 are graded mild, 
the chance of missing clinically significant moderate-severe rejection is 
unacceptably high, and further investigation or treatment may be indi- 
cated. 
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Peak Exercise Left Ventricular Performance in Normal 
Subjects and in Athletes Assessed by First-Pass Radionuclide 
Angiography 

Fabrizio Tomai, Massimo Ciavolella, Achille Gaspardone, Anna De Fazio, 
Ettore G. Basso, Cesira Giannitti, Domenico Scali, Francesco Versaci, 
Filippo Crea, and Pier A. Gioffrè 


To investigate the role of Frank-Starling law of the heart in determining 
the increase in cardiac output during exercise and the mechanisms respon- 
sible for the enhancement of left ventricular (LV) diastolic filling, first- 
pass radionuclide angiography was performed in 10 weight lifters, 12 
swimmers and 12 sedentary subjects at rest and at peak exercise. Results 
indicate that at the peak of maximal upright bicycle exercise testing: (1) 
heart rate is the most important determinant in the increase in cardiac 
output; (2) the Frank-Starling law of the heart does not play a major role 
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in mediating the increased LV performance, since LV end-diastolic vol- 
ume does not increase; and (3) the increase in LV peak rapid filling rate is 
correlated to the decrease in end-systolic volume, suggesting that the 
enhancement of LV filling during the shortened diastolic interval is, at 
least in part, due to ventricular suction. 
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Doppler Echocardiographic Assessment of Aortic Stenosis 
Using the Peak Velocity Ratio 

Marvin Berger and Susan R. Hecht 
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Comparison of Thermodilution and Fick Methods for 
Measurement of Cardiac Output in Tricuspid Regurgitation 
Takashi Konishi, Yasuyuki Nakamura, Isao Morii, Yoshihiro Himura, 
Toshiaki Kumada, and Chuichi Kawai 
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Reported Frequency of Coronary Arterial Narrowing by 
Angiogram in Patients with Valvular Aortic Stenosis 
Gisela C. Mautner and William C. Roberts 
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Assessment of Ventricular Performance After Chronic Beta- 
Adrenergic Blockade in the Marfan Syndrome 

Carl M. Reed and Bruce S. Alpert 
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Measurement of Coronary and Peripheral Artery Flow by 
Intravascular Ultrasound and Pulsed Doppler Velocimetry 

Eric J. Eichhorn, Luis G. Alvarez, Michael E. Jessen, Steven M. Fass, 
Robert Y. Chao, Donald Haagen, and Paul A. Grayburn 
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Specificity of Electrocardiographic Stress Test in Women 
Versus Men 

Morton E. Tavel 
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Assessment of Rate Smoothing in Dual-Chamber Pacemakers 
Daniel H. Azara, Carlos A. V. Girardi, Horacio G. Ruffa, Angel G. Villoldo, 
and Horacio J. Gimenez 
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Changes in Plasma Concentrations of Atrial Natriuretic 
Peptides After Cardioversion of Chronic Atrial Fibrillation 
Michio Arakawa, Hiroshi Miwa, Kenjiro Kambara, Michiya Ohno, Kensaku 
Kagawa, Kazuhiko Nishigaki, Yoshimi Ito, Tomoo Kawada, and 

Senri Hirakawa 


Continued on page A38 


A36 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 15, 1992 


CLINICALLY 
SIGNIFICANT... 
IMMEDIATELY 
USEFUL FOR 


INTERNISTS. 

















Relevant. Practical. Timely. THE AMERICAN 
JOURNAL OF MEDICINE breaks new ground in 
every monthly issue. The original papers published 
in the “Green Journal” are essential reading for all 
practicing physicians in internal medicine. 


Thorough, exceptional coverage. To serve your 
information needs the “Green Journal” publishes: 


è Definitive Clinical Studies. ..offering new information 
and innovations on the pathogenesis of disease. 


e Critical Reviews...contributed viewpoints weighing 
the evidence on both sides of a controversial subject. 


è Readable Editorials...on a variety of scientific and 
humanistic topics from prominent physicians. 

è Editorial Case Reports... illustrating unique cases 
selected for the valuable lessons they provide. 


è And so much more... 


Subscribe now and save. Enter your personal 
subscription to AJM at the special rate of only $49.50" 
for one year (12 issues). You save $16.50 off the basic 
rate! In the USA, call toll-free, 1-800-327-9021. 

Or write AJM Circulation Dept., P.O. Box 173306, 
Denver, CO 80217-3306. 


“For New Subscribers in the USA only. The non USA subscription rate for 1 year 
is $125.00. 


For Magnesium 
Deficiency 


MAG-OX 400 


Magnesium Oxide U.S.P. 400mg. Tablets 
(241.3 mg. Elemental Magnesium-19,86 mEq.) 







or 


URO-MAG 


Magnesium Oxide U.S.P. 140mg. Capsules 
(84.5 mg. Elemental Magnesium-6.93 mEq.) 






AVAILABLE THROUGH PHARMACIES ONLY 
SEE THE P.D.R. FOR MORE DETAILS 
SAMPLE AND LITERATURE AVAILABLE UPON REQUEST 


INDICATIONS: 
HYPOMAGNESEMIA, MAGNESIUM DEFICIENCIES 
and/or MAGNESIUM DEPLETION resulting from 


diuretic and/or digitalis therapy', alcoholism?, 
Cisplatin*, Amphotericin B*, Cyclosporin’, perenteral 
nutrition, mannitol’, Aminoglycosides®, and diets low 
in Magnesium. 


Note: May aid in preventing Calcium Oxaluria 


SYMPTOMS: Refractory Hypokalemia, Tremors, and 
cramping of extremities and tongue, grimaces, myo- 
clonic jerks, Chvostek’s sign, ataxia, irritability, disori- 
entation, convulsion, psychotic behavior. 

CAUTION: Magnesium should be used with caution in 
renal insufficiency. If aperient, reduce dosage. 


Blaine Co., Inc. 
1465 Jamike Lane 
Erlanger, Ky. 41018 
Phone: (606) 283-9437 





References 


1. Ryan M.P., Ph.D.: POTASSIUM/MAGNESIUM DEPLETION: IS 
YOUR PATIENT AT RISK OF SUDDEN DEATH? The American 
Journal of Medicine March, 20, 1987, Vol. 82 (Suppl 3A) 

2. Whang R, Oei T.O., Aikawa J.K., et al: PREDICTORS OF CLINICAL 
HYPOMAGNESEMIA: HYPOKALEMIA, HYPOPHOSPHATEMIA, 
HYPONATREMIA, AND HYPOCALCEMIA. Archives of Internal 
Medicine 1984; 144: 1794-6. 

3. J.E. Buckley, M.D., et al. HYPOMAGNESEMIA AFTER CISPLATIN 
COMBINATION CHEMOTHERAPY. Archives of Internal Medicine, 
Vol. 144, Dec. 1984, pp. 2347-8. 

4. C.H. Barton, M.D. et al. RENAL MAGNSEIUM WASTING ASSOCI- 
ATED WITH AMPHOTERICIN B THERAPY. The American Journal of 
Medicine, Vol. 77, Sept. 1984, pp. 471-4. 

5. Craig Thompson, MD, et al. ASSOCIATION BETWEEN 
CYCLOSPORIN, NEPHROTOXICITY AND HYPOMAGNESEMIA. The 
Lancet, Nov. 17, 1884, pp. 1116-20. 

6. Patricia Montgomery, Pharm. D., THERAPY CONSULTATION: 
TREATMENT OF MAGNESIUM DEFICIENTY. Clinical Pharmacy 
Vol. 6, Nov. 1987. 

7. Nanj A.A., DRUG-INDUCED ELECTROLYTE DISORDERS. Drug 
Intell. Clin. Pharm. 1983; 17:175-81. 


8. ibid. 


i TE 


CONTENTS/ABSTRACTS 


Pe eee tS IR Ryo Fak “Te asa SET AAT PY ENS 
Intraoperative Percutaneous Double-Balloon Valvuloplasty 
Versus Surgical Commissurotomy for Mitral Valve Stenosis 
Eugenio Martuscelli, Francesco Romeo, Giuseppe M.C. Rosano, Arnaldo 
G. Macchiarelli, Riccardo Sinatra, Corrado Mercanti, Antonio Nigri, Attilio 
Reale, and Benedetto Marino 





ABSTRACTS 


SSG oanu 
American Academy of Pediatrics: Cardiology Abstracts 


INSTRUCTIONS TO AUTHORS on page 555 
MEDICAL EQUIPMENT SHOWCASE on pages A69, A70 


CLASSIFIED ADVERTISING on pages A71, A72, and 3rd 
Cover 





Complements of... 


MERCK Human Health Division - a one-year subscription to The 
American Journal of Cardiology is provided to each fellow in Cardiology in 
the United States as a service to medicine. 


To start your complementary subscription to The American Journal of 
Cardiology please submit a letter sign by your program director stating 
that you are a cardiology fellow, along with your current mailing address. 


Mail to: ee Morin, The American Journal of Cardiology, 249 West 
17th Street, New York, N.Y. 10011. 





€ MERCK 


Human Health Division 





A38 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 15, 1992 


NOW 
ONCE-A-DAY 
cD 


(diltiazem HCl) 


TO SWITCH TO 


Easy to switch from Cardizem® SR 
(diltiazem HCI) on a total mg/day basis 


Convenient once-a-day dosage 
for proven 24-hour control’ 


A favorable side-effect profile’ 


Once-a-day dosing schedules result 
in improved compliance’ 


LOWER PRICE* 


25% lower cost than 

Cardizem® SR capsules 
*Based on AWP prices. Cardizem SR is available in 
Cardizem CD is indicated for O0-, Ws, and 120-mg capsules 


the treatment of hypertension. Flexible dosage range 
‘totem al ag Start with one 180-mg capsule daily 
next page. Available in 180-, 240-, and 300-mg capsules 


NOW 
ONCE-A-DAY 
CD 


ma d (diltiazem HCI) 


MARION 
] PRESCRIPTION PRODUCTS DIVISIO 
w KANSAS l I 


CCDAH087/A6672 6305C2 











ONCE-A-DAY 
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Switch from Cardizem? SR on a total mg/day basis 
For new patients starting on Cardizem” CD: 

® Start with one 180-mg capsule daily 
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BRIEF SUMMARY 


CARDIZEM® CD (diltiazem hydrochloride) Capsules 
CARDIZEM® SR (diltiazem hydrochloride) Sustained Release Capsules 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus syndrome except in 
the presence of a functioning ventricular pacemaker, (2) patients with 
second- or third-degree AV block except in the presence of a functioning 
ventricular pacemaker, (3) patients with hypotension (less than 90 mm Hg 
systolic), (4) patients who have demonstrated hypersensitivity to the drug, 
and (5) patients with acute myocardial infarction and pulmonary congestion 
documented by X-ray on admission. 

WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory periods 
without significantly prolonging sinus node recovery time, except in patients 
with sick sinus syndrome. This effect may rarely result in abnormally slow heart 
rates (particularly in patients with sick sinus syndrome) or second- or third- 
degree AV block (13 of 3,007 patients or 0.43%). Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal's angina developed periods of 
asystole (2 to 5 seconds) after a single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative inotropic effect 
in isolated animal tissue preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/dt). An acute study of oral 
diltiazem in patients with impaired ventricular function (ejection fraction 24% 
+ 6%) showed improvement in indices of ventricular function without 
significant decrease in contractile function (dp/dt). Worsening of congestive 
heart failure has been reported in patients with preexisting impairment of 
ventricular function. Experience with the use of CARDIZEM in combination 
with beta-blockers in patients with impaired ventricular function is limited. 
Caution should be exercised when using this combination. 

3. Hypotension. Decreases in blood pressure associated with CARDIZEM 
therapy may occasionally result in symptomatic hypotension. 

4. Acute Hepatic Injury. Mild elevations of transaminases with and without 
concomitant elevation in alkaline phosphatase and bilirubin have been 
observed in clinical studies. Such elevations were usually transient and 
frequently resolved even with continued diltiazem treatment. In rare 
instances, significant elevations in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute hepatic injury have 
been noted. These reactions tended to occur early after therapy initiation (1 
to 8 weeks) and have been reversible upon discontinuation of drug therapy. 
The relationship to CARDIZEM is uncertain in some cases, but probable in 
some. (See PRECAUTIONS.) 


PRECAUTIONS 

General. CARDIZEM is extensively metabolized by the liver and excreted by 
the kidneys and in bile. As with any drug given over prolonged periods, 
laboratory parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or hepatic 
function. In subacute and chronic dog and rat studies designed to produce 
toxicity, high doses of diltiazem were associated with hepatic damage. In 
special subacute hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which were reversible 
when the drug was discontinued. In dogs, doses of 20 mg/kg were also 
associated with hepatic changes; however, these changes were reversible 
with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) may be transient and 
may disappear despite continued use of CARDIZEM. However, skin eruptions 
progressing to erythema multiforme and/or exfoliative dermatitis have also 
been infrequently reported. Should a dermatologic reaction persist, the drug 
should be discontinued. 

Drug Interaction. Due to the potential for additive effects, caution and careful 
titration are warranted in patients receiving CARDIZEM concomitantly with any 
agents known to affect cardiac contractility and/or conduction. (See 
WARNINGS.) Pharmacologic studies indicate that there may be additive effects 
in prolonging AV conduction when using beta-blockers or digitalis 
concomitantly with CARDIZEM. (See WARNINGS. ) 

As with all drugs, care should be exercised when treating patients with 
multiple medications. biotransformation by cytochrome 
P-450 mixed function oxidase. Coadministration of CARDIZEM with other 
agents which follow the same route of biotransformation may result in the 
competitive inhibition of metabolism. Dosages of similarly metabolized drugs 
such as cyclosporin, particularly those of low therapeutic ratio or in patients 
with renal and/or hepatic impairment, may require adjustment when starting 
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or stopping concomitantly administered CARDIZEM to maintain optimum 
therapeutic blood levels 


Beta-blockers: Controlled and uncontrolled domestic studies suggest that 
concomitant use of CARDIZEM and beta-blockers is usually well tolerated, but 
available data are not sufficient to predict the effects of concomitant 
treatment in patients with left ventricular dysfunction or cardiac conduction 
abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) concomitantly with 
propranolol in five normal volunteers resulted in increased propranolol levels 
in all subjects and bioavailability of propranolol was increased approximately 
50%. If combination therapy is initiated or withdrawn in conjunction with 
propranolol, an adjustment in the propranolol dose may be warranted. (See 
WARNINGS. ) 

Cimetidine: A study in six healthy volunteers has shown a significant increase 
in peak diltiazem plasma levels (58% ) and area-under-the-curve (53%) after a 
1-week course of cimetidine at 1,200 mg per day and diltiazem 60 mg per 
day. Ranitidine produced smaller, nonsignificant increases. The effect may be 
mediated dy cimetidine’s known inhibition of hepatic cytochrome P-450, the 
enzyme system probably responsible for the first-pass metabolism of 
diltiazem. Patients currently receiving diltiazem therapy should be carefully 
monitored for a change in pharmacological effect when initiating and 
discontinuing therapy with cimetidine. An adjustment in the diltiazem dose 
may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 healthy male subjects 
increased plasma digoxin concentrations approximately 20%. Another 
investigator found no increase in digoxin levels in 12 patients with coronary 
artery disease. Since there have been conflicting results regarding the effect of 
digoxin levels, it is recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to avoid possible 
over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, conductivity, and 
automaticity as well as the vascular dilation associated with anesthetics may 
be potentiated by calcium channel blockers. When used concomitantly, 
anesthetics and calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study in 
rats at oral dosage levels of up to 100 mg/kg/day, and a 21-month study in 
mice at oral dosage levels of up to 30 mg/kg/day showed no evidence of 
carcinogenicity. There was also no mutagenic response in vitro or in vivo in 
mammalian cell assays or in vitro in bacteria. No evidence of impaired fertility 
was observed in a study performed in male and female rats at oral dosages of 
up to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, 
rats, and rabbits. Administration of doses ranging from five to ten times greater 
(on a mg/ks basis) than the daily recommended therapeutic dose has resulted 
in embryo and fetal lethality. These doses, in some studies, have been 
reported to cause skeletal abnormalities. In the perinatal/postnatal studies, 
there was an increased incidence of stillbirths at doses of 20 times the human 
dose or greater. 

There are no well-controlled studies in pregnant women; therefore, use 
CARDIZEM in pregnant women only if the potential benefit justifies the 
potential risk to the fetus. 


Nursing Mothers. Diltiazem is excreted in human milk. One report suggests 
that concentrations in breast milk may approximate serum levels. If use of 
CARDIZEM is deemed essential, an alternative method of infant feeding should 
be instituted. 


Pediatric Use. Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to date, but it 
should be recognized that patients with impaired ventricular function and 
cardiac conduction abnormalities have usually been excluded from these 
studies 


The adverse events described below represent events observed in clinical 
studies of hypertensive patients receiving either CARDIZEM Tablets or 
CARDIZEM SR Capsules as well as experiences observed in studies of angina 
and during marketing. The most common events in hypertension studies are 
shown in a table with rates in placebo patients shown for comparison. Less 
common events are listed by body system; these include any adverse 
reactions seen in angina studies that were not observed in hypertension 
studies. In all hypertensive patients taking CARDIZEM Tablets or CARDIZEM SR 
Capsules studied (over 900), the most common adverse events were edema 
(9%), heacache (8%), dizziness (6%), asthenia (5%), sinus bradycardia (3%), 
flushing (3%), and first-degree AV block (3%). Only edema and perhaps 
bradycardia and dizziness were dose oh 
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DOUBLE BLIND PLACEBO CONTROLLED HYPERTENSION TRIALS 


ADVERSE DILTIAZEM PLACEBO 

N=315 N=211 

# PTS (% # PTS (% 
Headache 38 (12%) 17 (8%) 
AV Block First Degree 24 (7.6%) 4 (1.9%) 
Dizziness 29 (7%) 6 (2.8%) 
Edema 19 (6%) 2 (0.9%) 
Bradycardia 19 (6%) 3 (1.4%) 
ECG Abnormality 13 (4.1%) 3 (1.4%) 
Asthenia 10 (3.2%) 1 (0.5%) 
Constipation 5 (1.6%) 2 (0.9%) 
Dyspepsia 4 (1.3%) 1 (0.5%) 
Nausea 4 (1.3%) 2 (0.9%) 
Palpitations 4 (1.3%) 2 (0.9%) 
Polyuria 4 (1.3%) 2 (0.9%) 
Somnolence 4 (1.3%) — 
Alk Phos Increase 3 (1%) 1 (0.5%) 
Hypotension 3 (1%) 1 (0.5%) 
Insomnia 3 (1%) 1 (0.5%) 
Rash 3 (1%) 1 (0.5%) 
AV Block Second Degree 2 (0.6%) — 


The following table presents the most common adverse reactions reported in 
placebo-controlled trials in patients receiving CARDIZEM CD up to 360 mg with 
rates in placebo patients shown for comparison. 


ADVERSE REACTION CARDIZEM CD PLACEBO 
N=324 N=175 

HEADACHE 9.0% 8.0% 
BRADYCARDIA 4.3% 2.3% 
EDEMA 3.7% 2.3% 
DIZZINESS 3.1% 3.4% 
ECG ABNORMALITY 3.1% 2.9% 
AV BLOCK FIRST DEGREE 2.2% — 
ASTHENIA 1.9% 1.7% 


In clinical trials of CARDIZEM CD Capsules, CARDIZEM Tablets, and CARDIZEM SR 

Capsules involving over 3000 patients, the most common events (ie, greater 

than 1%) were edema (4.9%), headache (4.9%), dizziness (3.5%), asthenia 

(2.7%), first-degree AV block (2.2%), bradycardia (1.6%), flushing (1.5%), 

nausea (1.4%), rash (1.3%), and dyspepsia (1.2%). 

In addition, the following events were reported infrequently (less than 1%). 

Cardiovascular: Angina, arrhythmia, AV block (second- or third-degree), bundle 
branch block, congestive heart failure, ECG abnormalities, hypotension, 
palpitations, syncope, tachycardia, ventricular extrasystoles. 

Nervous System: Abnormal dreams, amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, paresthesia, personality change, 
somnolence, tinnitus, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dry mouth, dysgeusia, mild 
elevations of SGOT, SGPT, LDH, and alkaline phosphatase (see hepatic 
wamings), thirst, vomiting, weight | increase. 

: Petechiae, photosensitivity, pruritus, urticaria. 

Other: Amblyopia, CPK increase, dyspnea, epistaxis, eye irritation, 
hyperglycemia, hyperuricemia, impotence, muscle cramps, nasal 
congestion, nocturia, osteoarticular pain, polyuria, sexual difficulties. 

The following postmarketing events have been reported infrequently in 
patients receiving CARDIZEM: alopecia, erythema multiforme, exfoliative 
dermatitis, extrapyramidal symptoms, gingival hyperplasia, hemolytic anemia, 
increased bleeding time, leukopenia, purpura, retinopathy, and 
thrombocytopenia. In addition, events such as myocardial infarction have 
been observed which are not readily distinguishable from the natural history 
of the disease in these patients. A number of well-documented cases of 
generalized rash, characterized as leukocytoclastic vasculitis, have been 
reported. However, a definitive cause and effect relationship between these 
events and CARDIZEM therapy is yet to be established. 

HOW SUPPLIED 


CARDIZEM® CD (diltiazem hydrochloride) is available as capsules of 180 mg, 240 
mg, and 300 mg in bottles of 30 and 90, and in UDIP® packages of 100. 
CARDIZEM® SR (diltiazem hydrochloride) is available as sustained release capsules 
of 60 mg, 90 mg, and 120 mg in bottles of 100, and in UDIP® packages of 100. 
CARDIZEM® CD Product Information as of October 1991 

CARDIZEM® SR Product Information as of January 1991 
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Efficiency of a Physician-Operated Mobile 
Intensive Care Unit for Prehospital Thrombolysis 
in Acute Myocardial Infarction 


Hans-Richard Arntz, MD, Richard Stern, MD, Thomas Linderer, MD, and Rolf Schröder, MD 


The efficiency of an emergency medical system for 


routinely performed prehospital thrombolysis is 
evaluated for 1 of the 7 physician-staffed mobile 
intensive care units (MICU) in former West Berlin. 
During 19 consecutive months the MICU had 
4,920 missions, and 1,226 patients had chest 
pain of presumed cardiac origin. The diagnosis at 
hospital discharge was acute myocardial infarc- 
tion (AMI) in 406 patients and “‘interrupted”’ in- 
farction in 11 patients (total 417). Correct on- 
scene electrocardiographic diagnosis of acute in- 
jury was made in 268 patients (64%) and was 
false-positive in 4 patients (1%). In 8%, present 
ST elevations were not recognized. In 27%, the 
electrocardiogram on scene was nondiagnostic 
(16% with no ST elevation, 11% with bundle 
branch block). Of all 417 patients with later hospi- 
tal evidence of AMI, 317 (76%) were seen by the 
MICU physician within 4 hours, and 173 (41%) 
within the first hour from symptom onset. Two 
hundred three patients seen within 4 hours had di- 
agnostic ST elevation on the scene, of whom 124 
(61%) received prehospital thrombolysis (74 pa- 
tients [36%] within the first hour). There was no 
prehospital death; hospital mortality was 6.3%. 
Because >50% of all patients in the community, 
hospitalized because of AMI, made use of the 
MICU and 34 of them had called within 4 hours 
from symptom onset, a large proportion of all pa- 
tients with AMI were candidates for and actually 
received prehospital thrombolysis. 

(Am J Cardiol 1992;70:417-420) 
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tion (AMI) reduces mortality.'-? The benefit is re- 

lated to the interval between onset of symptoms and 
initiation of thrombolysis.!2 Prehospital thrombolysis is 
feasible, safe and time-saving, as controlled studies in 
selected patients groups have shown.** However, when 
prehospital thrombolysis is performed on a routine ba- 
sis, its efficiency will depend on the proportion of all 
patients with AMI in the community correctly identi- 
fied and properly treated already in the field. Based on 
the results of a pilot study* in West Berlin, prehospital 
thrombolysis is performed routinely since 1987. The 
present study was performed in order to evaluate its ef- 
fectiveness. 


[iran thrombolysis for acute myocardial infarc- 


METHODS 

Structure of the West Berlin emergency medical 
system: The emergency medical system of former West 
Berlin (population approximately 2 million) is coordi- 
nated by the fire department. Fifty-five emergency 
medical technician-staffed ambulances, operating from 
33 fire stations distributed throughout the city, respond 
to patient-initiated emergency calls. Experienced dis- 
patchers receive the call and decide, by using a key 
word system, whether in addition to the ambulance 
the nearest of 7 mobile intensive care units (MICUs) 
staffed with 1 emergency physician and 2 emergency 
medical technicians has to be called. Key words are: 
chest pain, respiratory distress, unconsciousness, severe 
injury, severe bleeding and shock. 

Prehospital thrombolysis is performed by 6 of the 7 
MICUs. The emergency physician records clinical sta- 
tus, duration of symptoms, diagnosis (including a 12- 
lead electrocardiogram), contraindications to thrombol- 
ysis, complications and therapeutic measures during 
prehospital care on a special report form. Generally, pa- 
tients are transported to the nearest hospital with an 
intensive care unit. During the study period, the modes 
of admission were evaluated for all patients hospitalized 
because of AMI. Data from 1 MICU (Klinikum Steg- 
litz, serving about 350,000 people) are reported. The re- 
sults can be regarded as representative for the West 
Berlin emergency system, since all MICUs have similar 
standards and strategies. 

Analysis of emergency : All assign- 
ments during 19 consecutive months (April 1988 to Oc- 


ROUTINE PREHOSPITAL THROMBOLYSIS 417 


TABLE | On-Scene Diagnosis and Hospital Evidence of Acute 
Myocardial Infarction in 4,920 Consecutive Missions of the 
Mobile Intensive Care Unit 


MICU Missions 
n = 4,920 


Chest pain of 
presumed 
cardiac origin 
(n = 1,226) 


Diagnosis of 
emergency 
physician 


Suspected AMI 
or unstable AP 


n=272(22%) n=404(33%) n= 550 (45%) 


Hospital 
evidence 
of AMI n = 268* 
*Eleven with “interrupted” ischemic event included. 


AMI = acute myocardial infarction; AP = angina pectoris; MICU = mobile intensive 
care unit. 


tober 1989) with in-field diagnosis of chest pain of pre- 
sumed cardiac origin were analyzed. The emergency 
physician had to decide on 1 of 3 diagnostic categories: 
(1) AMI, (2) suspected AMI or unstable angina pecto- 
ris, and (3) angina pectoris. Hospital charts of all pa- 
tients were analyzed and the discharge diagnosis was 
used to determine patients with AMI. 

Evaluation of electrocardiograms: The prehospital 
electrocardiographic recordings of patients, in whom the 
emergency physician had diagnosed AMI, were reevalu- 
ated throughout the study. During the last 7 study 
months, on-scene electrocardiograms from all patients 
with chest pain of presumed cardiac origin (n = 472) 
were reevaluated without knowledge of the emergency 


173 (41% 
86 (21% 


FIGURE 1. Time from symptom 
tensive care unit in 417 consecutive patients (Pat.) with in- 
hospital evidence of acute myocardial infarction (note the un- 
even frequency distribution of delay times). 








physician’s or the final in-hospital diagnosis. Acute inju- 
ry was defined when 22 continuous leads in a group 
location displayed ST elevation >0.1 mV or tall peaked 
T waves in the absence of bundle branch block or ven- 
tricular pacing. 

thrombolysis: Patients aged <76 years 
seen within 4 hours from symptom onset without con- 
traindications were candidates for prehospital thrombol- 
ysis. ST elevations had to persist after 5 minutes of sub- 
lingual nitroglycerin. Patients with bundle branch block 
were excluded. Streptokinase (1.5 million U) was in- 
fused intravenously in 30 minutes in 79 patients, and 44 
patients received an intravenous injection of anisoylated 
plasminogen streptokinase activator complex (30 mg) in 
3 to 5 minutes. Three patients who had previously re- 
ceived streptokinase therapy were given 3 million U 
of urokinase preceded by 5,000 IU of heparin intrave- 
nously. 


RESULTS 

During the study period, 70% of all patients in the 
community hospitalized because of AMI had come 
through the emergency system, and 51% by the MICU. 

Prehospital and hospital diagnosis (Table I): During 
19 consecutive months the MICU had 4,920 missions, 
1,226 patients (25%) had chest pain of presumed cardi- 
ac origin. The emergency physician diagnosed AMI in 
272 patients, of whom 268 (including 11 with “inter- 
rupted” AMI) had diagnosis confirmed in the hospital. 
Of 404 patients with in-field suspected AMI or unstable 
angina pectoris, 105 (26%) developed hospital evidence 
of AMI. Of 550 patients with an in-field diagnosis of 
angina pectoris, 44 (6%) eventually developed AMI. 
Thus, a total of 417 patients had hospital evidence of 
AMI. 

Arrivals of the MICU, subdivided by time from 
symptom onset for these 417, are shown in Figure 1. 
Three hundred seventeen patients (76%) were seen by 
the emergency physician within the first 4 hours, and 
173 had called so promptly that they were reached by 
the MICU within the first hour from symptom onset. 
Median time delay for all patients was 1.3 hours, mean 
delay 4.6 + 7.4 hours. 

Electrocardiogram in acute myocardial infarction 
and accuracy of in-field interpretation: The prehospital 
diagnosis of acute injury was confirmed in 268 of 272 
cases (99%). Eleven patients with diagnostic ST eleva- 
tion on the scene subsequently developed negative T 
waves, but cardiac enzymes did not exceed twice the 
upper normal range. Obviously they have had an inter- 
rupted ischemic event as confirmed by subsequent coro- 
nary angiography. 

In 4 patients the diagnosis of the emergency physi- 
cian was wrong. The in-hospital diagnosis was esophagi- 
tis in 2 patients, old anterior myocardial infarction with 
Meniére’s disease and acute pancreatitis in the 2 other 
patients. 

In a subset of 472 consecutive patients with chest 
pain of presumed cardiac origin, accuracy of all in- 
field electrocardiographic interpretations was checked 
by second readings. Injury of AMI was seen retrospec- 
tively in 109 patients and had been identified in the field 
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in 100 patients. The electrocardiograms of the 363 pa- 
tients without diagnostic ST elevation were correctly in- 
terpreted in the field. Therefore, in this subset of pa- 
tients, the overall accuracy of the in-field interpretation 
was 98%, sensitivity 92% (correct identification of diag- 
nostic ST elevation) and specificity 100% (correct inter- 
pretation of no ST elevation). 

Of the 146 subset patients who developed in-hospital 
evidence of AMI, 106 (73%) have had diagnostic ST 
elevations in the prehospital electrocardiogram, 24 
(16%) had nondiagnostic ST-T changes or a normal 
electrocardiogram, and 16 (11%) had bundle branch 
block. 

Prehospital thrombolysis: Of the patients seen with- 
in 4 hours from symptom onset, 205 had an in-field di- 
agnosis of AMI; 126 of these (61%) had prehospital 
thrombolysis. Two misdiagnosed patients had an un- 
eventful course, and no bleeding complications oc- 
curred. 

The main reason for exclusion was age >75 years in 
43 patients (21%), suspected bleeding risk in 25 (12%), 
and other reasons in 11 (5%) patients. Adverse events 
outside of the hospital included 3 cases of ventricular 
fibrillation, managed by electrical defibrillation and 2 of 
symptomatic bradyarrhythmias, controlled by atropine. 
There were no bleeding complications or death outside 
hospital. In-hospital mortality was 6.3% (8 of 126 pa- 
tients). Five patients died from cardiogenic shock or 
cardiac failure, 1 from cardiac rupture, and 1 suddenly. 
Two patients had intracranial hemorrhages, lethal in 1 
and minor bleeding without significant disability in the 
other. Six patients had nonfatal reinfarction, 23 elective 
coronary angioplasty, and 15 bypass surgery. 

Table II subdivides MICU arrival times and propor- 
tion of prehospital thrombolysis for the first 4 hours 
from pain onset. In 74 patients with prehospital throm- 
bolysis the emergency physician was on the scene within 
the first hour (i.e., 23% of the 317 patients with later in- 
hospital evidence of AMI had very early prehospital 
thrombolysis). 

In-field times for AMI patients with prehospital 
thrombolysis were compared to those without it. Re- 
sponse time averaged 8 + 3 minutes in both groups. 
After arrival, 26 + 8 minutes elapsed until initiation of 
thrombolysis. Total in-field times were 48 + 10 minutes 
for patients receiving thrombolytic therapy and 39 + 10 
minutes for those who did not. Thus, about 10 minutes 
are additionally required to perform prehospital throm- 
bolysis. 


DISCUSSION 

Very early treatment has the potential to maxi- 
mize the beneficial effects of thrombolytic therapy in 
AMI.!9-!! In former West Berlin, most patients in the 
hospital because of AMI had made use of the MICU. 
They usually seek medical attention very early (Figure 
1) and thus are candidates for thrombolytic therapy 
outside hospital. In our study, 41% of all patients who 
developed hospital evidence of AMI had called prompt- 
ly, enough to be reached by the MICU within 1 hour 
from symptom onset. For these patients immediate pre- 
hospital thrombolysis is advocated. Even fast admission 





TABLE Il Patients Seen by Emergency Physicians Within Four 
Hours, Subdivided by Time from Pain Onset and Proportion of 
Prehospital Thrombolysis 


Prehospital Thrombolysis 


Hospital Evidence of AMI 


A(n) B(n) B(%A) C(n C(%A) C(%B) 


First hour 173 

Second hour 86 

Third to fourth 58 
hour 


Total 317 64% 124 39% 


A = hospital evidence of AMI; B = injury of AMI correctly diagnosed in the field; C = 
prehospital thrombolysis. 


66% 74 
55% 31 
71% 19 


43% 
36% 
33% 


to the hospital would not ensure prompt therapy. At 
least 1 hour delay is still typical and reflects the many 
impediments to rapid thrombolytic therapy in the hospi- 
tal.8:!2,13 Previous studies in selected patients demon- 
strate that prehospital thrombolysis is feasible, safe 
and associated with significant time gain.** Our find- 
ings showed that this holds true also when prehospital 
thrombolysis is performed routinely. Within the time 
window of 4 hours from symptom onset of AMI, 61% of 
all patients with recognized acute injury had thromboly- 
sis initiated on the scene, and mostly so within the first 
hour. Decision to treat on the scene was correct in 124 
of 126 patients. Under clinical conditions thrombolysis 
likewise will be performed in some misdiagnosed pa- 
tients.!4 Not all patients with diagnostic ST elevation on 
the scene develop definite infarction. They may have ex- 
perienced an interrupted myocardial ischemic event.'* 
Bleedings are principal complications of thrombolysis 
but not a consequence of prehospital initiation of thera- 


y. 

The main reason thrombolytic drugs were not ad- 
ministered out of the hospital was advanced age. In ad- 
dition, patients with bundle branch block had been ex- 
cluded. However, because older patients and those with 
bundle branch block not only have the highest mortal- 
ity risk but also benefit most from early thromboly- 
sis,!215.16 we now perform prehospital thrombolysis also 
in these patients. 

In keeping with our findings, several studies have 
shown that in approximately 20 to 30% of patients with 
later evidence of AMI, ST elevations are not present in 
the initial electrocardiogram.®*!’-!9 However, this is no 
disadvantage so far as early prehospital thrombolysis is 
concerned, because these patients in general are not 
candidates for thrombolytic therapy. Recent trials have 
shown that only patients with ST elevation (or bun- 
dle branch block) clearly benefited from thromboly- 
gis, 1:2:3:14,18 

Selection of patients with suspected AMI for throm- 
bolytic therapy is based on the evaluation of symptoms, 
exclusion of potential risk of serious bleeding, and elec- 
trocardiographic findings on the initial electrocardio- 
gram. On-scene electrocardiograms may be interpreted 
by the MICU physician, after cellular transmission by a 
base-station physician,’ or a portable computer electro- 
cardiographic system may verify the diagnosis.'? Elec- 
trocardiographic accuracy of infarct diagnosis compar- 
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TABLE Ill Patients with Chest Pain of Presumed Cardiac 
Origin Identified in the Field, Hospital Evidence of AMI and 
Prehospital Thrombolysis Initiated by the Emergency Physician 
(Berlin) or Potentially Eligible for Prehospital Thrombolysis by 
Paramedics (Seattle)* 


Seattle— 
No. of Pts. 


Berlin— 
No. of Pts. 









100% 





100% 


34% 453 a 


10% 105 23% 4% 


1,226 2,473 








Chest pain of 
presumed cardiac 
origin 

Hospital evidence 
of AMI 

Prehospital 
thrombolysis 


*Comparison between our findings and those of Weaver et al.® 
AMI = acute myocardial infarction. 


ing interpretation by a computer algorithm, an electro- 
cardiographer or an emergency ward physician had 
shown that, like our MICU physicians outside hospital, 
the emergency ward physician and the computer had 
high specificity in excluding patients without definite 
acute injury of AMI. The skilled electrocardiographer, 
although slightly more sensitive by using less stringent 
criteria, had an overall incidence of 5% false-positive di- 
agnoses.!? 

Clinical implications: With an effective emergency 
medical system, most patients with hospital evidence of 
AMI in a community are first seen outside the hospital 
by the physician of a MICU, and a large proportion of 
these patients are candidates for thrombolytic therapy. 
Our findings in Berlin are similar to those obtained in 
Göteborg, Sweden.”°?! The emergency physician can 
select appropriate patients and initiate thrombolysis on 
the scene often within the first hour of symptom onset. 
However, less favorable results are recently reported 
from a study in which a paramedic-operated emergency 
medical system was used.” 

Prehospital thrombolysis is not necessarily linked to 
a physician-attended MICU. Weaver et al® developed 
an algorithm that allows trained paramedics, under the 
direction of a hospital-based physician, to identify in the 
field patients eligible for thrombolytic therapy. The re- 
cently reported experience of the Myocardial Infarction 
Triage and Intervention project is similar to our experi- 
ences in Berlin (Table III). However, the proportion of 
all patients in the community with hospital evidence of 
AMI already identified in the field by paramedics is not 
reported. 

The true benefit of earlier therapy will be estab- 
lished only with randomized controlled trials of suffi- 
cient sample size. The European Myocardial Infarction 
Project, designed specifically to address this problem,’ 
and the ongoing Myocardial Infarction Triage and In- 
tervention Phase II trial may help to answer the ques- 
tion of whether instituting major programs for at-home 
thrombolysis is justified. However, because greatest 
benefit from thrombolysis is expected within the first 60 
to 90 minutes from symptom onset,!*-!° it seems rea- 
sonable to perform prehospital thrombolysis whenever 
proper logistic preconditions are given or can be institut- 


417 18% 


124 30% 





ed easily, and provided a sufficient proportion of all pa- 
tients with AMI in a community make use of the emer- 
gency medical system. | 


REFERENCES 

1. Gruppo Italiano Per Lo Studio Della Streptochinasi Nell’Infarto Miocardico 
(GISSI). Effectiveness of intravenous thrombolytic treatment in acute myocardial 
infarction. Lancet 1986;1:397-402. 

2. ISIS-2 Collaborative Group. Randomized trial of intravenous streptokinase, 
oral aspirin, both or neither among 17187 cases of suspected myocardial infarc- 
tion: ISIS-2. Lancet 1988;2:349-360. 

3. Wilcox RG, von der Lippe G, Olsson CG, Jensen G, Skene AM, Hampton JR. 
Effects of alteplase in acute myocardial infarction: 6-month results from the 
ASSET study. Lancet 1990;335:1175-1178. 

4. Schréder R. Importance of time window in thrombolytic treatment. In: Cham- 
berlain DA, Julian DG, Sleight P, eds. The Management of Acute Myocardial 
Ischaemia. London: Chapman and Hall Medical, 1990:69-75. 

5. Castaigne AD, Hervé C, Duval-Moulin AM, Gaillard M, Dubois-Ronde JL, 
Boesch C, Wolf M, Lellouche D, Jan F, Vernant P, Huguenard P. Prehospital use 
of APSAC: results of a placebo-controlled study. Am J Cardiol 1989;64: 
30A-33A. 

6. E.M.I.P. Subcommittee. Potential time saving with prehospital intervention in 
acute myocardial infarction. Eur Heart J 1989;9:1 18-124. 

7. Roth A, Barbash GJ, Hod H, Miller HI, Rath S, Modan M, Har Zahav Y, 
Keren G, Bassan S, Koplinsky E, Laniado S. Should thrombolytic therapy be 
administered in the mobile intensive care unit in patients with evolving myocardial 
infarction? A pilot study. J Am Coll Cardiol 1990;15:932-936. 

8. Weaver WD, Eisenberg MS, Martin JS, Litwin PE, Shaeffer SM, Ho MT, 
Kudenchuk P, Hallstrom AP, Cerequeira MD, Copass MK, Kennedy W, Cobb 
LA, Ritchie JL. Myocardial Infarction Triage and Intervention Project-Phase I: 
patient characteristics and feasibility of prehospital initiation of thrombolytic 
therapy. J Am Coll Cardiol 1990;15:925-931. 

9. Koren G, Weiss AT, Hasin Y, Appelbaum D, Welber S, Rozeman Y, Lotan C, 
Sapoznikow D, Luria MH, Gotsman MS. Prevention of myocardial damage in 
acute myocardial ischemia by early treatment with intravenous streptokinase. V 
Engl J Med 1985;313:1384-1389. 

10. Linderer T, Arntz HA, Schröder R. Praklinische Thrombolyse bei akutem 
Myokardinfarkt. Dtsch Med Wochenschr 1991;116:1881-1887. 

11. McNeil! AJ, Cunningham SR, Flannery DJ, Dalzell GWN, Wilson CM, 
Campbell NPS, Khan MM, Patterson GC, Webb SW, Adgey AAJ. A double 
blind placebo controlled study of early and late administration of recombinant 
tissue plasminogen activator in acute myocardial infarction. Br Heart J 1989; 
61:316-321. 

12. Doorey AJ, Michelson EL, Weber FJ, Dreifus LS. Thrombolytic therapy of 
acute myocardial infarction: Emerging challenge of implementation. J Am Coll 
Cardiol 1987;10:1357-1360. 

13. Braunwald E. Optimizing thrombolytic therapy of acute myocardial infarc- 
tion. Circulation 1990;82:1510-1513. 

14. Topol EJ, Bates ER, Walton JA Jr, Baumann G, Wolfe S, Maino J, Bayer L, 
Gorman L, Kline EM, O’Neill WW, Pitt B. Community hospital administration 
of intravenous tissue plasminogen activator in acute myocardial infarction: im- 
proved timing, thrombolytic efficacy and ventricular function. J Am Coll Cardiol 
1987;10:1173-1177. 

15. Grines CL, DeMaria AN. Optimal utilization of thrombolytic therapy for 
acute myocardial infarction: concepts and controversies. J Am Coll Cardiol 
1990;16:223-231. 

16. Yusuf S, Sleight P, Held P, McMahon S. Routine medical management of 
acute myocardial infarction. Circulation 1990;82(suppl I1):II-117-II-134. 

17. Eisenberg MS, Ho MT, Shaeffer S, Litwin P, Larsen MP, Hallstrom AP, 
Weaver DW. A community survey of the potential use of thrombolytic agents for 
acute myocardial infarction. Ann Emerg Med 1989;18:838-841. 

18. Karlson BW, Herlitz J, Wiklund O, Richter A, Hjalmarson A. Early predic- 
tion of acute myocardial infarction from clinical history, examination and electro- 
cardiogram in the emergency room. Am J Cardiol 1991;68:171-175. 

19. Kudenchuk PJ, Ho MT, Weaver WD, Litwin PE, Martin JS, Eisenberg MS, 
Hallstrom AP, Cobb LA, Kennedy JW, MITI Project Investigators. Accuracy of 
computer-interpreted electrocardiography in selecting patients for thrombolytic 
therapy. J Am Coll Cardiol 1991;17:1486-1491. 

20. Herlitz J, Hjalmarson A, Holmberg S, Richterova A, Wennerblom B. Mor- 
tality and morbidity in suspected acute myocardial infarction in relation to ambu- 
lance transport. Eur Heart J 1987;8:503-S09. 

21. The Thrombolysis Early in Acute Heart Attack Trial Study Group. Very 
early thrombolytic therapy in suspected acute myocardial infarction. Am J Car- 
diol 1990;65:401-407. 

22. Gibler B, Kereiakes DJ, Dean EN, Martin L, Anderson L, Abbottsmith CW, 
Blanton J, Blanton D, Morris JA, Gibler CD, Erb RE, Teichman SL, and 
investigators of the Cincinnati Heart Project and the Nashville Prehospital TPA 
Trial. Prehospital diagnosis and treatment of acute myocardial infarction: a 
North-South perspective. Am Heart J 1991;121:1-11. 


420 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 15, 1992 


In life-threaterig@mmeculsemn VARO VF refractory 
Womerelanicrae rie!) <iriileirrr) ip fanlomeleletales 





=; 
> 





Cordarone 
(amiodarone HCI) mes 


The “C design” of the Cordarone® tablet is a registered trademark of Wyeth-Ayerst Laboratories. 


Cordarone® is intended for use only in patients with the indicated 


life-threatening arrhythmias because its use is accompanied by 
serious adverse reactions. 


Y q WYETH-AYERST 
©1992, Wyeth-Ayerst Laboratories See adjacent page for brief summary of prescribing information. a LABORATORIES 


61171R Philadelphia, PA 19101 


= Cordarone® (amiodarone HCI) Tablets 


BRIEF SUMMARY 

(See Package Circular for full prescribing information.) 
Indications and Usage: Because of life-threatening side effects and 
substantial management difficulties (See “Warnings” below) use only 
for treating documented, ple ht i recurrent ventricular 
fibrillation or recurrent hemodynamically unstable ventricular 
tachycardia that are unresponsive to documented adequate doses of 
other antiarrhythmics or when alternative agents are not tolerated. 


banna trials show no evidence that Cordarone favorably aftects 
survival. 

For use only by physicians familiar with and with access to (directly or 
via referral) all available modalities for treating recurrent life- 
threatening ventricular arrhythmias, including access to appropriate 
monitoring facilities and continuous electrocardiographic monitoring 
and electrophysiologic techniques. Due to the life-threatening nature of 
the arrhythmias treated, potential interactions with prior therapy, and 
potential arrhythmia exacerbation, start Cordarone in a hospital setting. 


Contraindications: Severe sinus-node dysfunction, with marked 
sinus bradycardia; 2nd- and 3rd-degree atrioventricular (AV) block; 
episodes of bradycardia which cause ame (except when used with a 
pacemaker); known hypersensitivity to the drug. 


: Cord is intended for i nts 
wins indent hrestenng amy eee s 
use is accompanied by substantial toxicity. 


Important of which fs primonary tricity (hypersensitivity, 
which is pulmonary 

pneumonitis or interstitial/ alveolar pneumonitis) that has 
resulted in clinically manifest disease at rates as high as 
10 to Hk in sone purap of ao ea) peed 
arrhythmias given doses arou ay, and as 
abnormal diffusion capacity without in a much 

r percentage of patients. Pulmonary toxicity has been 

| about 10% of the time. Liver ney s common with 
Cordarone, but is usually mild and evidenced only by 
| liver enzymes. iver disease can occur, 
na marat nerde Cocdofens sau exaaerugie te aroyaed 
mics, rone can exace ea mia, 
oY making the a mia less well tolerated or more 
d to reverse. This has occurred in 2-5% of patients in 
various series, and significant heart block or sinus 
rdia has been seen in 2-5%. All of these events 

should be manageable in the proper clinical setting in most 
cases. Although the frequency of such proarrhythmic 
events does not appear greater with Cordarone than with 
many other agents used in this population, the effects are 
prolonged when they occur. 


Even in patients at high risk of arrhythmic death, in whom 
the toxicity of Cordarone is an acceptable risk, Cordarone 


peses major management problems that could be life- 
atening in a population at risk of sudden death, so that 
arid effort should be made to utilize alternative agents 


The difficulty of using Cordarone effectively and safe 
itself poses a significant risk to patients. Patients with the 
indicated a ias must be hospitalized while the 
loading dose of Cordarone is given, and a response 
pos ly requires at least one week, usually two or more. 
use and elimination are variable, 
maintenance-dose selection is difficult, and it is not 
unusual to require or discontinuation of 
treatment. In a retrospective survey of 192 patients with 
ventricular tachyarrhythmias, 84 required dose reduction 
and 18 required at least temporary discontinuation because 
of adverse effects, and several series have reported 15 to 
20% overall frequencies of discontinuation due to advers 
reactions. The time at which a previ controlled life- 
threatening arrhythmia will recur after discontinuation or 
dose adjustment is unpredictable, ranging from weeks to 
months. The patient is obviously at g= risk during this 
time and may mei prolonged hospitalization. Attempts to 
substitute other antiarrhythmic agents when Cordarone 
must be stopped will be made difficult by the gradually, but 
unpredictably, changing amiodarone body burden. A 
similar problem exists when Cordarone is not effective; it 
still poses the risk of an interaction with whatever 
subsequent treatment is tried. 





PULMONARY TOXICITY: Cordarone may cause a syndrome of cough 
and progressive with functional, radiographic, gallium-scan 
and pathological data consistent with pulmonary reni frequency 
usually varies from 2-7%, but can be as high as 10-17%. Thus, at start 
of therapy, perform baseline chest x-ray and pulmonary-function tests, 
including diffusion capacity. Repeat history, physical exam (PE), and 
chest x-ray every 3-6 months. 


Preexisting pulmonary disease does not appear to increase risk of 
toxicity; however, prognosis is poorer if pulmonary toxicity develops. 
Cordarone-induced pulmonary toxicity seems to result from indirect 
(hypersensitivity pneumonitis) or direct (interstitial/alveolar 
pneumonitis) toxicity. 

Hypersensitivity pneumonitis usually appears early in therapy; 
ae results in a more rapid and severe recurrence. 
Bronchoalveolar lavage is procedure of choice to confirm diagnosis, 
made when a T suppressor/cytotoxic (CD8 - positive) lymphocytosis 
noted. Treat with steroids and stop Cordarone. 


Interstitial/alveolar pneumonitis, characterized by diffuse alveolar 
, interstitial pneumonitis or fibrosis in lung biopsies. 

Phospholipidosis (foamy cells, foamy macrop ) is present in most 
cases of Cordarone-induced pulmonary toxicity; however, this also 
occurs in approximately 50% of all Cordarone patients. Use these cells 
as therapy markers, not evidence of toxicity. If interstitial/alveolar 

monitis is diagnosed, reduce dose or, preferably, withdraw 

darone, especially if other acceptable antiarrhythmics are available. 

Where these measures were instituted, symptoms usually decreased in 
the first week; most clinical improvement was in first 2-3 weeks. Chest 
X-ray changes usually resolve in 2-4 months. Some experts feel 
steroids may be helpful. Prednisone (40-60 mg/day) or equivalent 
doses of other steroids have been used and tapered over several weeks. 
At times rechallenge at a lowér dose will not result in return of toxicity. 
Reports suggest lower loading and maintenance doses are associ 
with a lower incidence of pulmonary toxicity. 
In Cordarone patients, any new respiratory symptoms suggest a 
possibility of pulmonary toxicity; repeat and evaluate history, PE, chest 


X-ray, and pulmonary-function tests (with diffusion capacity). A 15% 
decrease in diffusion capacity has a high sensitivity but only a 
moderate specificity for pulmonary toxicity; as decreases in diffusion 
capacity approach 30%, sensitivity decreases but specificity increases. 
A diagnostic gallium scan may also be performed. 

Fatalities trom pulmonary toxicity occur in about 10% of cases. 
However, when life-threatening arrhythmias exist, stop 

Cordarone (amiodarone HC!) cautiously if drug-induced pulmonary 
toxicity is suspected. As the most common cause of death in these 
patients is sudden cardiac death, first rule out other causes of 
respiratory impairment. Bronchoalveolar lavage or lung biopsy may be 
necessary to confirm the diagnosis, especially when there is no 
acceptable alternative therapy. 


If hypersensitivity pneumonitis is diagnosed, stop Cordarone and treat 
with steroids. if Cordarone-induced interstitial/alveolar pneumonitis is 
diagnosed, start steroids and, preferably, stop Cordarone or, minimally, 
reduce the dose. Some cases may resolve after dose reduction and 
Steroid use. Sometimes, rechallenge at lower doses did not result in 
return of interstitial/alveolar pneumonitis; however, pulmonary lesions 
are irreversible in some. 


WORSENED ARRHYTHMIA: Cordarone may cause serious 
exacerbation of a presenting arrhythmia, possibly enhanced by 
concomitant antiarrhythmic oe. Exacerbation (about 2-5% in most 
series), includes new ventricular fibrillation, incessant ventricular 
tachycardia, increased resistance to cardioversion, and Torsade de 
Pointes. Cordarone has caused symptomatic bradycardia or sinus 
arrest with suppression of escape foci in 2-4% of patients. 


LIVER INJURY: Increased hepatic enzymes, mostly asymptomatic, are 
seen frequently. Consider discontinuation or dose reduction if increase 
exceeds 3 times normal, or doubles in patient with elevated baseline 
Rarely, hepatic failure has been fatal 


PREGNANCY — PREGNANCY CATEGORY D: Cordarone is embryotoxic 
(increased fetal resorption and growth retardation) in rats at 18 times 

the maximum recommended oral maintenance dose Similar results are 
seen in one mice strain at about 1/2 the maximum recommended 
maintenance dose or higher, but not in a second strain nor rabbits at 
doses up to $ times the maximum recommended maintenance dose 


Neonatal ypo- or hyperthyroidism: \n utero exposure can cause 
fetal harm. There are some reports of congenital goiter/ hypothyroidism 
and hyperthyroidism. If used anytime during pregnancy apprise patient 
of potential fetal hazard. In general, use during pregnancy only it 
potential benefit to the mother justifies unknown fetal risk. 


Precautions 


CORNEAL MICRODEPOSITS; IMPAIRMENT OF VISION: Corneal 
microdeposits appear in a majority of adults on Cordarone. Usually 
discernible only by slit-lamp, up to 10% of patients have symptoms 
like visual halos or blurred vision. Microdeposits are reversible if dose 
reduced or treatment stopped; if asymptomatic, no need to reduce dose 
or stop drug. 


PHOTOSENSITIVITY: Seen in about 10% of patients; sun-barrier 
creams or protective clothing may afford some protection. On long- 
term hens may have a blue-gray skin discoloration of exposed skin 
Fair complexion or excess sun exposure may increase risk; also may 
be related to cumulative dose and therapy duration. 


THYROID ABNORMALITIES: Cordarone inhibits conversion of 
thyroxine (T4) to triiodothyronine (T3) and may cause increased 
thyroxine, decreased T3, and increased levels of inactive reverse T4 

(rT) in clinically euthyroid patients. Due to its release of inorganic 
iodine, or perhaps other reasons, Cordarone can cause either hypo- or 
hyperthyroidism. Monitor thyroid function before treatment and 
periodically thereafter, particularly in the elderly and those with history 
of thyroid nodules, goiter, or other thyroid dysfunction. Due to slow 
elimination of Cordarone and its metabolites, high plasma iodide 
levels, altered thyroid function, and abnormal thyroid-function tests 
may persist for weeks or months after withdrawal. 


pothyroidism occurred in 2-4% of patients in most series, but in 8- 
10% in some. To treat, reduce Cordarone dose and/or give thyroid 
anos supplement. Individualize therapy; may need to stop 

ordarone. 


Hyperthyroidism occurs in about 2% of patients; incidence may be 
higher with prior inadequate dietary iodine intake. Cordarone-induced 
hyperthyroidism is usually a greater hazard than hypothyroidism due to 
possible arrhythmia breakthrough or aggravation. IF ANY NEW SIGNS 
OF ARRHYTHMIA APPEAR, THE POSSIBILITY OF HYPERTHYROIDISM 
SHOULD BE CONSIDERED. Flat TSH response to TRH is confirmatory. 
Since arrhythmia breakthroughs may accompany Cordarone-induced 
Hilt a aggressive medical treatment is indicated, including, 
if possible, dose reduction or Cordarone withdrawal. Antithyroid be ig 
B-blockers and/or temporary steroid therapy may be needed. (See full 
prescribing information for additional information regarding treatment). 


SURGERY Hypotension Postbypass: Rarely, hypotension is seen on 
cessation of cardiopulmonary bypass during open-heart surgery in 
Cordarone patients; relationship to Cordarone is unknown. 


Adult Respiratory Distress Syndrome Catia Rarely, ARDS 
occurs in Cordarone patients after surgery. Patients very respond to 
vigorous respiratory therapy; rarely, the outcome is fatal. The 
mechanism may be generation of superoxide radicals during 
owe therefore, keep operative FiO» as close to room air as 
possible. 


LABORATORY TESTS: Elevated liver enzymes (SGOT and SGPT) can 
occur; monitor closely if high maintenance doses used. Consider dose 
reduction or stopping therapy if significant elevations persist or 
hepatomegaly occurs. 


Thyroid-function tests (increased T4 and reverse T4, and decreased T4) 
may be Sp despite these changes, most patients remain clinically 
euthyroi 

DRUG INTERACTIONS: Few drug-drug interactions have been explored 
formally but most have shown an interaction. Thus, anticipate other 
interactions, especially drugs with coon serious toxicity, like other 
antiarrhythimics. With its long, variable half-life, a potential for 
interaction also exists with drugs given after stopping Cordarone. 


Digitalis: Serum digoxin increases (by up to 70%) and may reach 
toxic levels; onset is about 1 day. On initiation of Cordarone, 
review need for digitalis and reduce its dose by about 50% 
or stop it. lf digitalis continued, monitor serum levels closely and 
observe for toxicity. Precautions probably also apply to digitoxin. 


Anticoagulants: Potentiation of warfarin-type epee response 
is almost a seen and can result in serious or fatal bleeding. 
Prothrombin time may increase by 100%; onset is 3 to 4 

Reduce anticoagulant dose by 1/3 to 1/2, and mon 
prothrombin times closely. 

Anti mic Agents: A they have been used concurrently 
ae Cea steady-state levels of quinidine, procainamide, and 
phenytoin may increase during such combined therapy. Quinidine 


serum concentrations may increase by oer ope 
Procainamide serum concentrations may increase by 55% (n-acetyl 
procainamide by 33%) in < 7 days. In general, reserve such 

neh rs for sna with li ; reatening Paddy cur 
incompletely responsive to a single agent, or incompletely responsive — 
to Cordarone (amiodarone HCI), and start any added antiarrhythmic at a 
lower than usual dose with careful monitoring. During transfer to 
Cordarone, reduce dose of previous agents 30-50% several days after 
adding Cordarone, when arrhythmia suppression should be starting. 
After Cordarone effects are established, discontinue other 
antiarrhythmics if possible. If treatment is maintained, continue 
monitoring carefully for adverse effects, especially conduction 
disturbances and exacerbation of tachyarrhythmias. In Cordarone 
patients requiring additional antiarrhythmic therapy, initial dose of such 
agents should be approximately 1/2 of the usual dose. 


Use Cordarone cautiously with B-blockers or calcium antagonists as 
bradycardia, sinus arrest, and AV block may be potentiated: if 
necessary, Cordarone can continue after pacemaker insertion in 
patients witb severe bradycardia or sinus arrest. 


ELECTROLYTE DISTURBANCES: May be ineffective or arrhythmogenic 
if hypokalemia is present; correct any potassium or magnesium 
deficiency before starting drug. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: 
Fertility reduced in male and female rats at 8 x the highest 
recommended human maintenance dose. Cordarone caused a 
Statistically significant, dose-related increase in thyroid tumors in rats. 
Incidence greater than control even at lowest dose tested, i.e., about 1/2 
the highest recommended human maintenance dose. Mutagenicity 
studies were negative. 


PREGNANCY: PREGNANCY CATEGORY D — See Warnings. 


LABOR AND DELIVERY: Occurrence of adverse effects during labor or 
delivery is unknown. Preclinical studies in rodents have shown no 
effect on gestation duration or parturition, 


NURSING MOTHERS: Cordarone is excreted in human milk; breast- 
feeding may expose nursing infants to a significant drug dose. Nursing 
offspring of lactating rats given Cordarone were less viable and had 
reduced body-weight gains. Advise mothers to discontinue nursing 
before taking. 


PEDIATRIC USE: Safety and effectiveness have not been established. 


Adverse Reactions: Adverse effects are very common (about 3/4 of 
all patients) with doses of 400 mg/day or more, and cause 7-18% to 
discontinue. The most serious are pulmonary toxicity, arrhythmia 
exacerbation, and rare serious liver injury (see “Warnings’), but other 
adverse effects constitute important problems. They are often reversible 
by reducing dose and virtually always reversible by stopping 
Cordarone. Most adverse effects appear more frequent with continued 
treatment beyond 6 months; rates r relatively constant beyond 
one year. Neurologic problems, including malaise and fatigue, tremor 
and involuntary movements, poor coordination and gait, and peripheral 
neuropathy are common (20-40% of patients); these may respond to 
dose reduction, rarely need to stop therapy. 


Gastrointestinal (Gl) complaints, commonly seen with high doses 
(i.e., loading dose), usually respond to dose reduction or divided 
doses; rarely need to stop drug. 


Asymptomatic corneal microdeposits. See Precautions and full 
prescribing information. 


Photosensitivity. See Precautions and full prescribing information. 


Cardiovascular adverse reactions, other than arrhythmia exacerbation, 
include the uncommon occurrence of congestive heart failure (3%) and 
bradycardia. Bradycardia usually responds to dose reduction but may 
require a pacemaker. CHF rarely requires stopping drug. Cardiac 
conduction abnormalities occur infrequently and are reversible upon 
stopping drug. 

The following side-effect rates are based on a retrospective study of 
241 patients treated for 2 to 1,515 days (mean 441.3 days). 


Each reported in 10-33% of patients: Gi—Nausea and vomiting. 


Each reported in 4-9% of patients: Dermatologic—Solar 
dermatitis/photosensitivity; Neurologic—Malaise and fatigue, 
tremor/abnormal involuntary movements, lack of coordination, 
abnormal regs dizziness, paresthesias; Gl-Constipation, 
anorexia; Ophthalmologic—Visual disturbances; Hepatic—Abnormal 
liver-function tests; Respiratory—Pulmonary inflammation or fibrosis. 


Each reported in 1-3% of patients: Thyroid—Hypo- or 
hyperthyroidism; Neurologic—Decreased libido, insomnia, headache, 
sleep disturbances; Cardiovascular—CHF, cardiac arrhythmias, SA 
node dysfunction; GI-Abdominal pain; Hepatic—-Nonspecific hepatic 
disorders; Other—Flushing, abnormal taste and smell, edema, abnormal 
salivation, coagulation abnormalities. 


Each reported in < 1% of patients: Blue skin discoloration, rash, 
spontaneous ecchymosis, alopecia, hypotension, and cardiac 
conduction abnormalities. Rarely hepatitis, cholestatic hepatitis, 
cirrhosis, optic neuritis, epididymitis, vasculitis, pseudotumor cerebri, 
and thrombocytopenia. 

Adverse reactions most frequently requiring Cordarone discontinuation 
include pulmonary infiltrates or fibrosis, ey ana ventricular 
tachycardia, CHF, and elevated liver enzymes. Symptoms causing 
discontinuation less often include visual disturbances, solar dermatitis, 
blue skin discoloration, hyper- or hypothyroidism. 


Overdosage: The few reports of Cordarone overdose, in which 3 to 8 
grams were taken, resulted in no deaths or permanent sequelae. Animal 
Studies indicate that Cordarone has a high oral LDsp (>3,000 mg/kg). 


Along with general supportive measures, monitor patient's cardiac 
rhythm and blood pressure; if bradycardia ensues, may use a 
f-adrenergic agonist or pacemaker. Use positive inotropic and/or 
vasopressor agents to treat hypotension with inadequate tissue 
perfusion. Neither Cordarone nor its metabolite is dialyzable. 


Dosage and Administration: See full prescribing information. 
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Patient Delay and Receipt of Thrombolytic 
Therapy Among Patients with Acute Myocardial 
Infarction from a Community-Wide Perspective 


Robert J. Goldberg, PhD, Jerry Gurwitz, MD, Jorge Yarzebski, MD, Joan Landon, MS, 
Joel M. Gore, MD, Joseph S. Alpert, MD, Priscilla M. Dalen, RN, BS, and James E. Dalen, MD 


The duration of patient delay from the time of on- 
set of symptoms of acute myocardial infarction 
(AMI) to hospital presentation, and the relation of 
delay time and various patient characteristics to 
receipt of thrombolytic therapy were examined as 
part of a community-based study of patients hos- 
pitalized with AMI in the Worcester, Massachu- 
setts, metropolitan area. In all, 800 patients with 
validated AMI hospitalized at 16 hospitals in the 
Worcester metropolitan area in 1986 and 1988 
constituted the study sample. Patients delayed on 
average 4 hours between noting symptoms sug- 
gestive of AMI and presenting to area-wide emer- 
gency departments with no significant change ob- 
served between 1986 and 1988. The shorter the 
time interval of delay, the greater the likelihood of 
receiving thrombolytic therapy; patients arriving 
at the emergency department within 1 hour of the 
onset of acute symptoms were approximately 2.5 
and 6.5 times more likely to receive thrombolytic 
agents than were those presenting to the hospital 
between 4 and 6, and >6 hours, respectively, af- 
ter the onset of symptoms. Results of a multivari- 
ate analysis showed increasing length of delay, 
older age, history of hypertension or AMI and 
non-Q-wave AMI to be significantly associated 
with failure to receive thrombolytic therapy. 

(Am J Cardiol 1992;70:421-425) 
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coronary artery disease in the United States over 

the past 2 decades, there have been limited 
studies to determine whether this is due to changes in 
the incidence rates of coronary disease or to improve- 
ments in survival of hospitalized patients.'? Patient de- 
lay from the onset of symptoms of acute myocardial 
infarction (AMI) to the receipt of medical care can af- 
fect hospital incidence and survival rates of AMI as well 
as out-of-hospital death rates from this disease. There 
are very limited community-based data to determine 
whether or not the time interval between patient recog- 
nition of symptoms suggestive of AMI and hospital ar- 
rival has changed over time. Furthermore, thrombolytic 
therapy has been shown to improve in-hospital survival 
and left ventricular function of patients hospitalized 
with AMI, and the early use of this treatment appears 
related to efficacy.2~-’ There is limited information ex- 
amining the relation between length of patient delay or 
patient-related characteristics to receipt of thrombolytic 
therapy. The purpose of the present study was to exam- 
ine, from a multihospital, community-based perspective, 
overall and temporal distributions of duration of patient 
delay from the time of onset of symptoms of AMI to 
arrival at the hospital, as well as the relation of these 
delay times and patient characteristics to receipt of 
thrombolytic therapy. 


D espite reductions in the mortality rates from 


METHODS 

The study population comprised patients hospital- 
ized with validated AMI in 16 university-affiliated and 
community hospitals in the Worcester, Massachusetts, 
metropolitan area in 1986 and 1988. The methods of 
sample ascertainment and diagnostic criteria used in 
this study were previously described.*-!° In brief, to be 
considered for study inclusion, patients had to reside in 
the Worcester metropolitan area and have at least 2 of 
3 predefined criteria consistent with AMI (supportive 
clinical history, serum enzyme elevations and serial 
electrocardiographic changes) present based on review 
of medical records of patients hospitalized with a pri- 
mary or secondary discharge diagnosis of AMI at par- 
ticipating Worcester metropolitan area hospitals. Each 
of these medical records was individually reviewed and 
validated according to the preestablished diagnostic cri- 
teria. Furthermore, data had to be available in the med- 
ical records by which the approximate time delay from 
the onset of symptoms suggestive of AMI and the time 
of admission to the emergency room could be assessed. 
Because data concerning symptoms of AMI were not 
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TABLE I Distribution of Times of Delay Between Onset of 
Symptoms of Acute Myocardial Infarction and Hospital Arrival, 
and Receipt of Thrombolytic Therapy 


Tissue 
Thrombolytic Plasminogen 
Therapy Activator Streptokinase 
No. of (%) (%) (%) 
(n = 160) (n = 115) (n = 45) 


Delay 
Times 
(hr) Pts. 





collected routinely as part of our surveillance activities, 
and because data from previous study years had been 
archived and were difficult to retrieve, data from the 
most recent years of abstraction (1986 and 1988) con- 
stituted the focus of the present report. Information 
concerning the time of onset of symptoms suggestive of 
AMI was collected and recorded by different physicians 
and nurses at each of the participating hospitals, with 
decisions made by the physician and nurse reviewers ab- 
stracting this information concerning the actual time of 
patient delay. Although information was also collected 
concerning the occurrence of subacute as well as pre- 
monitory symptoms suggestive of AMI, these data were 
not analyzed in relation to the outcomes assessed, be- 
cause of the greater difficulty and relative nonspecificity 
in accurately assessing the times of onset of these symp- 
toms, as well as the paucity of information contained in 
the medical records concerning these symptoms. Al- 
though there are various components of delay to arrival 
to an emergency department after the onset of acute 
cardiac symptoms, we were not able to examine the in- 
dividual factors contributing to delay. In this report, we 
use the term patient delay as a summary representation 
of the various delay times. 


Delay Time (hrs) 


FIGURE 1. Time delay between reporting of symptoms sug- 
gestive of acute myocardial infarction and admission to the 
hospital. 





RESULTS 

In all, 1,424 patients with validated AMI were hos- 
pitalized in 1986 and 1988. Of these patients, 800 
(56%) had sufficient data in the medical records to as- 
certain the onset and timing of acute symptoms sugges- 
tive of AMI, as well as the time of admission to the 
respective hospitals’ emergency departments. 

Delay times: The average time delay between re- © 
porting of symptoms suggestive of AMI and admission 
to the respective hospitals’ emergency departments did 
not change significantly over time (average of 4.1 hours 
in 1986, and 4 hours in 1988). The median time of de- 
lay was 2 hours in both 1986 and 1988. Because there 
were also no significant differences in the frequency dis- 
tribution of these delay times by study year, the data for 
the 2 years were combined. Slightly >50% of all pa- 
tients with AMI presented to the hospital within 2 
hours of the onset of acute symptoms; an additional 
22% delayed between 2 and 4 hours, and 10% delayed 
from 4 to 6 hours (Figure 1). 

therapy and patient delay: Adminis- 
tration of thrombolytic therapy in relation to time of 
patient presentation to the hospital after the onset of 
symptoms of AMI showed a consistent trend between 
time of patient delay and receipt of thrombolytic thera- 
py (Table I). The shorter the time interval of patient 
delay in arriving at the hospital, the greater the likeli- 
hood of receiving thrombolytic therapy. Patients arriv- 
ing at the emergency department within 1 hour of the 
onset of AMI symptoms were approximately 6.5 times 
more likely to receive thrombolytic therapy than were 
those presenting to the participating emergency depart- 
ments >6 hours after the onset of symptoms. Whereas 
tissue plasminogen activator was used in most patients 
(72%) receiving thrombolytic therapy in 1986 and 1988, 
similar trends were observed for the administration of 
either tissue plasminogen activator or streptokinase in 
relation to time of patient delay (Table I). 

We conducted a similar analysis of the relation of 
time delay to receipt of thrombolytic therapy in patients 
aged <75 years, because many randomized clinical tri- 
als assessing the efficacy of thrombolytic therapy have 
excluded the elderly. The results of this analysis were 
similar to those observed in the total study sample. 
Among patients presenting within 1 hour of the onset of 
AMI symptoms, 37.3% received thrombolytic therapy; 
this percentage decreased to 26.3, 17.9 and 5.7% in 
those presenting between 2 and 3.9, 4 and 6, and >8 
hours, respectively, after the onset of symptoms. 

Because the characteristics of patients presenting to 
the hospital soon after the onset of symptoms of AMI 
may differ from those presenting at a later time, and 
because these differences may also be related to the ad- 
ministration of thrombolytic agents, we examined dif- 
ferences in selected characteristics between patients pre- 
senting within 2 hours of the onset of symptoms of AMI 
and those presenting at a later time (Table II). Except 
for the order (initial vs recurrent) of the present AMI, 
there were no significant differences in selected charac- 
teristics examined between those presenting to the hos- 
pital soon after the onset of acute symptoms and those 
presenting later. Similar findings were observed when 
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TABLE Il Distribution of Selected Characteristics According to 
Delay After Onset of Acute Symptoms to Hospital Arrival Among 
Patients with Acute Myocardial Infarction 


<2 Hours (%) 
(n = 407) 


>2 Hours (%) 


Characteristic (n = 393) p Value 


Angina pectoris 
Diabetes mellitus 
Hypertension 
Teaching hospital 
Initial AMI 
Q-wave AMI 
Anterior AMI 
Died during hospitaliza- 
tion 
Symptoms occurred 
during weekday 
Symptoms occurred 
between: 
12:00 A.M.—5.59 A.M. 
6:00 A.M.—11:59 A.M. 
12:00 P.mM.—5:59 P.M. 


AMI = acute myocardial infarction; NS = not significant. 





the analysis was restricted to those aged <75 years, 
with 2 exceptions; there were no significant differences 
in delay time between those with an initial or recurrent 
AMI, but there were significant differences in whether 
the symptoms suggestive of myocardial ischemia oc- 
curred on weekdays or the weekend. Since several stud- 
ies have shown thrombolytic agents to be particularly 
efficacious when administered within 6 hours of the on- 
set of acute symptoms, an additional analysis was per- 
formed for differences in selected demographic and clin- 
ical characteristics between patients presenting within 6 
hours of the onset of symptoms and those presenting at 
a later time. Trends similar to the findings in the total 
patient sample were observed. 

Administration of thrombolytic therapy in relation 
to time of presentation to the hospital and selected de- 
mographic and clinical characteristics was examined 
(Table III). Patients presenting to the hospital within 2 
hours of the onset of symptoms who received thrombo- 
lytic therapy were significantly more likely to be youn- 
ger and male, to not have a history of angina pectoris or 
diabetes, to be experiencing an initial, Q-wave, inferior / 
posterior AMI and to survive the acute hospital phase 
than were those not receiving thrombolytic therapy (p 
<0.05). 

Similar trends in these characteristics were seen for 
patients presenting to the hospital >2 hours after the 
onset of symptoms of AMI, although significant differ- 
ences were observed between those receiving and not re- 
ceiving thrombolytic therapy regarding age, sex, history 
of hypertension, type of hospital of presentation, type of 
AMI (Q-wave or non-Q-wave), survival status at the 





TABLE Ill Distribution of Selected Characteristics According to 
Delay from Onset of Acute Symptoms to Hospital Arrival and 
Receipt of Thrombolytic Therapy Among Patients with Acute- 
Myocardial Infarction 


Thrombolytic Therapy (%) 


< 2-Hour Delay > 2-Hour Delay 
Did Not Did Not 
Received Receive Received Receive 


Characteristic (n= 110) (n= 297) (n= 50) (n = 343) 


Age (yr) 


Angina pectoris 12.7 30.3 22.0 31.8 
Diabetes mellitus 155 26.3 24.0 27.7 
Hypertension 45.5 55.6 36.0 52.5 
Teaching hospital 78.2 79.5 92.0 75.8 
Initial AMI 83.6 58.3 82.0 (2c 
Q-wave AMI 74.6 46.8 76.0 47.8 
Anterior AMI 36.4 50.8 56.0 46.1 
Died during hospitaliza- 6.4 14.8 8.0 14.0 
tion 
Symptoms occurred 74.6 68.0 74.0 74.9 
during weekday 
Symptoms occurred 
between: 
12:00 A.mM.—5.59 A.M. 30.9 29.3 44.0 28.6 
6:00 A.M.—1 1:59 A.M. 33.6 26.3 30.0 24.5 
12:00 P.M.—5:59 P.M. 16.4 24.6 8.0 26.8 


AMI = acute myocardial infarction. 


time of hospital discharge, and time of day that the 
acute symptoms occurred. In examining the relation of 
similar factors to receipt of thrombolytic therapy in pa- 
tients presenting to the hospital within 6 hours of the 
onset of symptoms compared with those presenting at a 
later time, significant differences were observed in the 
receipt of thrombolytic therapy for those presenting 
within 6 hours of the onset of symptoms regarding age, 
sex, history of angina, diabetes or hypertension, year of 
hospital admission, type and order of AMI, time of day 
that the acute symptoms occurred, and survival status 
at the time of hospital discharge. 

Finally, a multivariate regression analysis was per- 
formed to examine the independence of the time delays 
as well as patient-related characteristics to the receipt of 
thrombolytic therapy. The independent factors exam- 
ined in this analysis in relation to administration of 
thrombolytic therapy included calendar year of study 
entry, age, sex, history of angina pectoris, diabetes or 
hypertension, time of day that AMI symptoms oc- 
curred, whether these symptoms occurred on weekdays 
or the weekend, order, location (anterior or inferior/ 
posterior) and type of AMI, type of hospital (teaching 
or nonteaching) on admission, survival status at the 
time of hospital discharge, and time interval (<2, 2.1 to 
6, or >6 hours) of patient delay. The results of this 
analysis (Table IV) showed that longer delay to presen- 
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TABLE IV Multivariate Adjusted Likelihood of Not Receiving 
Thrombolytic Therapy 


Adjusted 
Odds Ratio* 


95% Confidence 


Factor Interval 


Delay time (hr) 


Age (yr) 
<55 
55-64 
65-74 
75+ 
AMI type 
Q-wave 
Non-Q-wave 
AMI order 
Initial 
Recurrent 
Prior hypertension 
Present 
Absent 
Calendar year 
1986 
1988 
*Adjusted odds of not receiving thrombolytic therapy for various groups compared 
with respective referrent categories. 


tReferrent category. 
AMI = acute myocardial infarction. 





tation to the hospital, older age, development of a non- 
Q-wave AMI, previous AMI, history of hypertension, 
and admission to the hospital in 1986 were all signifi- 
cantly associated with patients not receiving thrombo- 
lytic therapy. A multivariate analysis restricted to pa- 
tients aged <75 years showed these same factors to be 
similarly associated with patients not receiving throm- 
bolytic therapy. 


DISCUSSION 

The results of this study of subjects from a defined 
metropolitan area whose sociodemographic and eco- 
nomic characteristics reflect those of the United States 
population, with the exception of race (most patients 
were white), suggest no significant change over the 2 
time periods studied (1986 and 1988) in patient delay to 
hospital arrival after the onset of AMI symptoms. Pa- 
tients presenting for medical care soon after AMI 
symptoms were significantly more likely to receive 
thrombolytic therapy than those presenting at a later 
time. Administration of thrombolytic therapy was relat- 
ed to delay time, age and various clinical factors. 

Due to the close proximity of the 2 time periods un- 
der study, as expected, neither the mean, median nor 
distribution of the time delays differed over time. How- 
ever, the average and median times of delay from the 
onset of symptoms suggestive of AMI to presentation to 
the respective hospitals’ emergency departments were 
lower than those reported previously in studies per- 
formed between the late 1960s and mid-1980s.!!-!6 Dif- 
ferences in the definitions of prehospital delay, and size 
and characteristics of the cohorts under study make 
comparisons between the present study and previous 
ones difficult. Despite the present findings, public edu- 
cation efforts directed at minimizing this time delay and 


the components of delay!7-2 without increasing noncar- 
diac complaints remain of considerable importance. 
However, approximately 18% of patients studied de- 
layed their presentation to the hospital by =6 hours, 
exceeding the recommended window of therapeutic effi- 
cacy for thrombolytic agents. These findings provide 
further impetus for public health efforts to reduce the 
time of delay. 

Despite the clear association between time of presen- 
tation to the hospital after the onset of acute symptoms 
and receipt of thrombolytic therapy, most patients arriv- 
ing at the hospital soon after the onset of these symp- 
toms did not receive this therapy. Of the patients stud- 
ied, only 20% received some form of thrombolytic thera- 
py during the period under investigation. Although 
there are contraindications to the use of this therapy, 
with some investigators seeking to expand the upper age 
cut-off for receipt of thrombolytic therapy”? (and there 
is some benefit from the use of thrombolytic therapy 
even in patients with relative contraindications?3), these 
results refocus attention on the large percentage of pa- 
tients with AMI who do not receive this potentially ben- 
eficial therapy. As was previously shown,”4 increased 
patient age is directly related to mortality after AMI, 
and the elderly may benefit from the use of thrombolyt- 
ic therapy during AMI. This suggests a need to recon- 
sider the exclusion criteria previously used in the major 
thrombolytic trials, as well as for provider education. 

There are several limitations to the present investiga- 
tion. By definition, patients dying out of the hospital 
from coronary artery disease were not studied, and the 
health-care seeking behavior of such persons is not 
known. We were able to ascertain information concern- 
ing time of patient delay in only slightly >50% of pa- 
tients studied. Although unlikely, different patterns of 
delay, different factors associated with delay and the 
likelihood of receipt of thrombolytic therapy may be 
taking place in patients in whom we were unable to as- 
certain the time of onset of AMI symptoms. One could 
interpret the present findings concerning the extent of 
missing data contained in the medical records reviewed 
on patient delay times as either poor or nonspecific re- 
call by patients, or to insufficient questioning or record- 
ing of this information in the medical record, or both, 
by health care professionals. It is clear that concerted 
efforts should be made to assess and record the time of 
onset of symptoms in a systematic fashion. 

The information analyzed was based on patient self- 
reports, with all the attendant inaccuracies therein. The 
questioning of patients was performed by numerous 
physicians and nurses with varying degrees of skill in 
the elicitation of such information. However, it is un- 
likely that the reporting and recording of this informa- 
tion differed according to duration of patient delay or 
receipt of thrombolytic therapy. We also used the time 
of onset of acute symptoms perceived severe enough for 
the patient to decide to seek medical care, as opposed to 
the use of either less severe or more nonspecific symp- 
toms suggestive of AMI. Different results may have 
been obtained if we had used symptoms of a more ill- 
defined, nonspecific nature or included patients from 
different socioeconomic strata. 
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The present results suggest that thrombolytic thera- 
py was administered significantly more often to younger 
patients, those with Q-wave and initial AMI, those 
without a history of hypertension and those hospitalized 
in the more recent study period. These findings may 
relate to physician practice patterns or to the inclusion/ 
exclusion criteria used by the major thrombolytic trials 
(e.g., Thrombolysis in Myocardial Infarction [TIMI]) 
that were ongoing during the years of the present inves- 
tigation. Whereas it is assumed that during 1986 most 
patients receiving thrombolytic therapy did so as a re- 
sult of the TIMI trial, the percentage of patients receiv- 
ing thrombolytic therapy in 1988 as a result of this or 
other thrombolytic trial protocols is unknown. In a 
study comparing patients receiving and not receiving 
reperfusion therapy, those excluded from trial proto- 
cols were older, more often female, and had a history of 
coronary artery disease, hypertension and non-Q-wave 
AMI.? In a recent report from a multicenter random- 
ized trial, patients who did not receive thrombolytic 
therapy included those at increased risk for adverse trial 
events at the time of recruitment.*° The findings of the 
present study suggest that with the exception of patients 
with Q-wave AMI, those receiving thrombolytic thera- 
py were at lower risk for death during the hospital 
phase of AMI. The results suggest that the prescribing 
patterns of physicians need to be monitored in future 
clinical trials or observational studies involving the use 
of thrombolytic agents. 
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To assess the diagnostic value of indium-111 anti- 


myosin for detecting right ventricular (RV) wall 
acute infarction, 30 patients with electrocardio- 
graphic-documented left ventricular inferior (pos- 
terior) wall acute myocardial infarction underwent 
simultaneous dual isotope indium-111 antimyosin 
and thallium-201 single-photon emission comput- 
ed tomography (SPECT) within 2 days of admis- 
sion. RV necrosis was defined as uptake of indi- 
um-111 antimyosin anterior and to the right of 
septal thallium uptake. Twenty-nine of the 30 pa- 
tients (97%) had indium-111 antimyosin uptake in 
the inferior, posterior or lateral walls of the left 
ventricle and 14 of 30 (47%) had additional RV 
antimyosin uptake. Three different patterns of RV 
uptake of indium-111 antimyosin were observed: 
crescent-shaped, focal and apical. Twenty-seven 
patients underwent gated blood pool scanning be- 
fore hospital discharge. Twelve of the 14 patients 
with RV antimyosin uptake had gated blood pool 
scintigraphy and 7 of 12 had RV dysfunction; 5 
had normal RV function. Except for 1 patient who 
had questionable RV antimyosin uptake and had 
RV dysfunction, no patient without RV antimyosin 
uptake had RV dysfunction. In summary, right 
and left ventricular necrosis can be detected on 
tomographic images of indium-111 antimyosin up- 
take in patients with inferior infarctions when si- 
multaneous uptake of a perfusion tracer, thallium- 
201, is imaged and used as an aid to reconstruc- 
tion and anatomic localization. 

(Am J Cardiol 1992;70:426-431) 
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common occurrence in patients presenting with 

transmural left ventricular inferior wall acute 
myocardial infarction. Postmortem studies have shown 
that isolated RV infarction is rare, but RV involvement 
in association with inferior wall left ventricular infarc- 
tion occurs in up to 66% of cases.'~? Previous reports 
have described criteria for diagnosis of RV infarction 
using a variety of methods including hemodynamic pa- 
rameters,* electrocardiographic changes,!°-!> radionu- 
clide angiography,'®! and infarct-avid imaging with 
technetium-99m pyrophosphate.!%-22. 

Indium-111 antimyosin is a Fab fragment of a mu- 
rine monoclonal antibody that is specific for myocyte 
necrosis and is being used clinically for the detection of 
myocardial infarction in humans.?3-2° Two multicenter 
clinical trials have demonstrated a high sensitivity and 
specificity of planar imaging for detecting acute left 
ventricular myocardial infarctions in patients admitted 
with chest pain syndrome.””,?8 However, planar imaging 
has not clearly defined RV uptake of indium-111 anti- 
myosin separate from hepatic or left ventricular uptake 
in patients with inferior wall myocardial infarction. 
Counts from indium-111 antimyosin uptake in RV in- 
farction are low for a number of reasons: low adminis- 
tered dose of indium-111 (2 mCi) further decreased by 
isotope decay due to delayed imaging, and low RV mus- 
cle mass. 

Single-photon emission computed tomography 
(SPECT) imaging offers improved contrast and ana- 
tomic localization over planar imaging. Parameters for 
oblique tomographic reconstruction of the left and right 
ventricles may be impossible to determine from anti- 
myosin uptake alone without other available cardiac an- 
atomic landmarks. When imaged with a perfusion trac- 
er, thallium-201, as a simultaneous dual isotope SPECT 
acquisition, reconstruction parameters for the indium 
study can be determined from the thallium study. In 
addition, simultaneous dual isotope display of the perfu- 
sion and infarction tracers facilitates anatomic localiza- 
tion of antimyosin uptake to the region of the right ven- 
tricle. Accordingly, the purposes of this study were to 
observe and define patterns of indium-111 antimyosin 
uptake in the region of the right ventricle from the si- 
multaneous dual isotope thallium-201 /indium-111 anti- 
myosin SPECT scans and correlate these observations 
with clinical data and gated blood pool scintigraphy. 


R= ventricular (RV) infarction is a relatively 
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METHODS 

Study group: The study represents a subset analysis 
of 30 of 65 patients admitted to Columbia-Presbyterian 
Medical Center in New York between February 1986 
and April 1991. They all had typical ischemic chest 
pain of 230 minutes duration and electrocardiographic 
changes including acute ST-segment changes in inferior 
leads, and were enrolled into phases II and III of the 
antimyosin clinical trials. The diagnosis of acute myo- 
cardial infarction was confirmed by the characteristic 
increase in creatine kinase and creatine kinase-MB. 
There were 21 men and 9 women (mean age 58 + 10 
years [range 34 to 77]). Five patients had a history of 
remote myocardial infarction >1 year earlier. 

After detailed explanation of the procedure all pa- 
tients signed an informed consent to participate in the 
study. Patients received an intravenous injection of 0.5 
mg of murine monoclonal antimyosin antibody (Cento- 
cor, Malvern, Pennsylvania) labeled with 2 mCi of In- 
111 chloride (Amersham Corporation) within 48 hours 
of the onset of chest pain. Approximately 48 hours after 
antimyosin administration, patients were brought to the 
nuclear cardiology laboratory for imaging. A 2.2 mCi 
dose of thallium-201 was injected intravenously, and af- 
ter a 5 to 10 minute equilibration period simultaneous 
dual isotope indium-111 and thallium-201 SPECT im- 
aging was performed. 

Dual isotope single-photon emission computed 
tomographic imaging: Twenty-nine patients had simul- 
taneous dual isotope acquisitions. One patient had sin- 
gle isotope, indium-111 tomographic acquisition. For 
the 29 dual isotope acquisitions, 20% symmetrical ener- 
gy windows were set for the high (247 keV) photopeak 
of indium-111 and the 70 kev photopeak of thallium- 
201. For the 1 patient with single isotope tomographic 
acquisition, 20% windows were centered over both indi- 
um-111 photopeaks. The first 7 patients were imaged 
with a rotating dual-head digital gamma camera (Pick- 
er International) with 30 equally spaced projection im- 
ages/head acquired over a 360° orbit. The last 23 pa- 
tients were imaged using a rotating single-head digital 
camera (Picker SX 300) with 32 sequential images at 
60 seconds/image acquired over 180° orbit starting at 
the left posterior oblique projection. Data were collected 
in a 64 X 64 word matrix using commercially available 
nuclear medicine computer systems. Both cameras were 
equipped with medium energy parallel-hole collimators. 
Projection images from indium and thallium scans were 
reconstructed using filtered backprojection. A 0.25 But- 
terworth filter was used for the dual-head camera and a 
Metz prefilter with ramp-filtered backprojection was 
used for the single head data. Transaxial tomograms 
were obliquely reconstructed into sixteen 2-pixel-thick 
short and vertical long-axis slices. 

Data analysis: The corresponding indium and thalli- 
um reconstructed slices were displayed side by side on a 
color video display and interpreted by consensus of 2 
observers (DS, LJ) who were unaware of the patient’s 
clinical history. In addition, the scans were read sepa- 
rately by a third investigator (MA). Both antimyosin 


uptake and thallium defects were localized to 1 or more 
of 24 segments from short- and long-axis slices. RV up- 
take was considered present when indium-111 antimyo- 
sin activity was visualized to the right of the interven- 
tricular septum in the short-axis slices or to the right of 
the septum in the vertical long-axis slices. Agreement 
between the 2 separate readings in designation of RV 
uptake was 93%. Disagreements were resolved by con- 
sensus of the 3 readers. 

Gated blood pool scintigraphy: Radionuclide ven- 
triculography was performed in 27 patients using a 
modified “in vivo” labeling of autologous red blood cells 
with technetium-99m.”? Studies were performed a mean 
of 8 days after the dual isotope acquisition using a digi- 
tal Anger camera (Picker) equipped with a slant-hole 
collimator with a 30° caudal angulation. Anterior, left 
anterior oblique with the best septal separation, and left 
lateral projections were acquired. Left ventricular ejec- 
tion fraction was calculated from the left anterior 
oblique view using standard software. Regional wall 
motion pattern of the left ventricle was visually assessed 
in the 3 views, and of the right ventricle in 2 views by 
consensus of 2 observers unaware of the patients’ clini- 
cal history. RV involvement was considered present 
when there were abnormalities of RV wall motion (hy- 
pokinesia or akinesia) with or without chamber enlarge- 
ment. 

Coronary angiography: Seventeen patients under- 
went coronary angiography before hospital discharge. 
The time between SPECT imaging and angiography 
averaged 5 days. 


RESULTS 

All patients had the characteristic increase and de- 
crease in serum enzymes. Reperfusion was attempted in 
6 patients. 

Electrocardiographic changes: In 27 patients, elec- 
trocardiograms showed typical changes of acute inferior 
myocardial infarction with ST-segment elevation in the 
inferior leads with or without T-wave inversion. Thir- 
teen of these 27 patients had additional ST-segment de- 
pression in the anterior precordial leads. In 1 patient the 
initial electrocardiogram showed ST-segment elevation 
confined to leads V,-V3, which resolved over 2 days 
without development of Q waves and was misdiagnosed 
as anterior ischemia. This patient subsequently under- 
went coronary angiography which revealed isolated oc- 
clusion of a nondominant right coronary artery. Serial 
electrocardiograms in 2 patients showed gradual nor- 
malization of initial lateral wall ST-segment depression 
and an increase in R-wave amplitude in leads V; and V2 
(R >S). Four of the 14 patients (29%) with RV infarc- 
tion by indium-111 antimyosin uptake had ST-segment 
depression in leads V; and V2, and 8 of 16 patients 
(50%) without RV indium-111 antimyosin uptake had 
ST-segment depression in the right precordial leads. 

Patterns of tracer uptake: Of the 29 patients who 
underwent simultaneous dual isotope studies, 28 had an 
inferoposterior or inferolateral thallium perfusion de- 
fect. One patient who presented with transient ST-seg- 
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Patterns of RV Antimyosin Uptake 
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FIGURE 1. Schematic drawings of 3 patterns of indium-111 
antimyosin uptake in the region of the right ventricle. Thallium 
uptake is shown in red, antimyosin uptake in yellow. Top, 
short-axis slices show the “crescent” type pattern of anti- 
myosin uptake involving the right ventricular (RV) free wall. 
Middle, short-axis slices show focal antimyosin uptake in the 
right ventricular free wall. Bottom, vertical long-axis slices 
show antimyosin uptake in the apex of the right ventricle. 
MVLA = midvertical long-axis slice; SVLA = septal vertical 
long-axis slice. 








FIGURE 2. Reference (Ref.) vertical long-axis slices (left) and 
corresponding short-axis slices from base to apex from a si- 
multaneous dual isotope single-photon emission computed to- 
mography acquisition. Scans show matching thallium (Tl) de- 
fect and antimyosin (AM) uptake in the inferior wall. Note the 
crescent-shaped pattern of antimyosin uptake in the right 
ventricle. In = indium. 


ment elevation in leads V;-V3 had homogeneous thalli- 
um uptake in the left ventricle and indium-111 anti- 
myosin uptake confined to the right ventricle. In the 
other patients the antimyosin uptake involved the inferi- 
or wall (including the inferoapical, inferoposterior, in- 
feroseptal segments) in 19 patients, the inferolateral 
wall in 4, and the posterolateral in 4. One patient had 
faint antimyosin uptake that was difficult to localize to 
the apex of the left or right ventricle. 

The indium antimyosin scans showed tracer uptake 
in the right ventricle in 14 patients (47%). Thirteen pa- 
tients had inferior wall thallium perfusion defects and 
antimyosin uptake. One patient with RV antimyosin 





FIGURE 3. Reference (Ref.) vertical long-axis slices (left) and 

short-axis slices from base to apex from a si- 
multaneous dual isotope single-photon emission computed to- 
mography acquisition. Scans show matching thallium (Tl) de- 
fect and antimyosin (AM) uptake in the inferoposterior wall. 
Note focal pattern of antimyosin uptake in the region of the 
right ventricle. In = indium. 


Ref. Slice In-111 





FIGURE 4. Reference (Ref.) short-axis slices (left) and simul- 
taneous acquired vertical long-axis slices taken anterior to the 
slice showing septal thallium (TI) uptake. Antimyosin (AM) up- 
take was localized to the apex of the right ventricle (apical 
pattern). In = indium. 
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uptake had no scan evidence for left ventricular involve- 
ment. No patient with predominantly lateral wall in- 
volvement based on location of the thallium defect had 
RV antimyosin uptake. Three patterns of RV antimyo- 
sin uptake were observed (Figure 1). In 7 patients the 
antimyosin uptake had a “crescent” shape on the short- 
axis slices and appeared to involve most of the free wall 
of the right ventricle. Four patients had focal antimyo- 
sin uptake in the free wall of the right ventricle and 3 
had antimyosin uptake that was only seen in the apex of 
the right ventricle and was best visualized on the verti- 
cal long-axis slices. Representative examples are illus- 
trated in Figures 2 to 5. 

Right ventricular function: RV function was inter- 
preted to be abnormal in 8 of the 27 patients (30%) who 
underwent gated blood pool scintigraphy. Twelve of the 
14 patients with antimyosin uptake in the right ventricle 
had gated blood pool imaging and 7 of 12 patients 
(58%) had global or regional depression of RV systolic 
function. In the other 5 patients with antimyosin uptake 
in the right ventricle, RV function appeared normal. 
Despite the concomitant impairment of RV systolic 
function observed in 7 patients with RV antimyosin up- 
take, only 1 of these patients had the clinical syndrome 
of low cardiac output associated with this infarction. 
Except for 1 patient who had antimyosin uptake that 
was difficult to localize to the apex of the left or right 
ventricle, and who had hypokinesia of the right ventri- 
cle, all patients without RV antimyosin uptake had nor- 
mal RV function. 

Coronary angiography: Of the 17 patients who un- 
derwent coronary angiography, 8 patients had 1-vessel, 
6 had 2-vessel and 3 had 3-vessel disease. In 1 patient 
the right coronary artery was not selectively engaged 
but was considered to be the infarct-related artery. The 
culprit vessel was judged to be the right coronary artery 
in 12 patients and the left circumflex in 4 patients. 

The coronary anatomy was known in 7 patients with 
antimyosin uptake in the right ventricle. Three patients 
had 100% proximal occlusion of the right coronary ar- 
tery. Two patients had a tight stenosis in the midright 
coronary artery, and another 2 had both proximal right 
coronary artery lesions of 40 to 50% plus 100% occlu- 
sion of the origin of the posterior descending branches. 
Lysis of a thrombus proximal to the origin of the acute 
marginal branch may have occurred in these latter pa- 
tients to explain RV infarction. 


DISCUSSION 

Planar scintigraphy of indium antimyosin uptake 
may not differentiate RV from hepatic uptake because 
of the low RV counts and anatomic overlap. Tomo- 
graphic imaging, because of its 3-dimensional display, 
offers important advantages over planar imaging by im- 
proving the image contrast and providing better ana- 
tomic localization. Simultaneous dual isotope SPECT 
imaging of thallium and indium-111 antimyosin pro- 
vides parameters from the oblique thallium reconstruc- 
tion for the reconstruction of the faint or small areas of 
RV indium-111 uptake. The simultaneous dual display 
offers anatomic landmarks to help localize indium anti- 


myosin to the region of the right ventricle. In addition, 
the ability to identify areas of normal perfusion and in- 
farction in the left ventricle is useful in localizing dam- 
age to the territory of right coronary or left circumflex 
arteries. 

Incidence of right ventricular infarction: In this 
group of patients with acute inferior myocardial infarc- 
tion, RV involvement as assessed by indium-111 anti- 
myosin was relatively frequent. The prevalence of RV 
infarction in our study is in agreement with the most 
recently reported clinical and pathologic studies.*? Pre- 
vious imaging studies using technetium-99 pyrophos- 
phate assessed RV uptake of this infarct-avid agent on 
planar scans in patients with inferior infarctions. In the 
study of Sharpe et al,'? technetium-99 pyrophosphate 
uptake in the right ventricle was found in 33.3% of pa- 
tients. Wackers et al? reported that 37.5% of patients 
with inferior infarcts had technetium-99m pyrophos- 
phate uptake in the region of the right ventricle. Other 
papers have reported similar incidences.*°! Our slight- 
ly higher incidence (47%) may be due to the fact that 
we performed SPECT imaging, which provides better 


Ti-201 





FIGURE 5. Reference (Ref.) vertical long-axis slices (left) and 
corresponding short-axis slices from base to apex from a si- 
multaneous dual isotope single-photon emission computed to- 
mography acquisition. Scans show matching thallium (Tl) de- 
fect and antimyosin (AM) uptake in the inferior wall. No anti- 
myosin uptake in the region of the right ventricle was 
observed (negative for right ventricular uptake). In = indium. 
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contrast and anatomic localization of the uptake of an 
infarct-avid tracer. 

Correlation of right ventricular antimyosin uptake 
with other tests: Confirming the diagnosis of RV in- 
farction by additional independent tests such as RV 
electrocardiographic leads, hemodynamic studies, or 
early gated blood pool scintigraphic imaging, would 
have strengthened this study. However, the sensitivity or 
specificity of each of these independent tests is limited. 
RV filling pressure equal to or exceeding left ventricular 
end-diastolic pressure has been suggested as characteris- 
tic of predominant RV infarction.4° However, such 
hemodynamic alterations are not specific for RV infarc- 
tion and are found in chronic lung disease and pulmo- 
nary emboli and may be absent if the patient is hypovo- 
lemic. ST-segment elevation in a right precordial lead 
(V4R) has been shown to be highly specific for RV in- 
farction.!°!2,13,15 However, both inferior and lateral wall 
infarctions frequently are associated with reciprocal ST- 
segment depression in the right precordial leads that 
can attenuate the ST elevation due to RV infarction, 
and decrease the sensitivity. 

Gated blood pool imaging when performed early in 
the course of an acute inferior infarction can identify 
RV dilitation and hypokinesia signifying RV necro- 
sis.!!7 Concordant results were found between the 
presence of RV technetium-99m pyrophosphate uptake 
and RV dysfunction when both tests were performed 
early in the acute infarction course.!%° Verani et al?! 
compared the results of admission gated blood pool im- 
aging with that performed 10 days later and demon- 
strated that RV dysfunction in patients with inferior 
wall infarction is often transient, even in patients with a 
definitive diagnosis of RV infarction. In the present 
study, the most likely explanation for the absence of RV 
dysfunction in some patients with antimyosin uptake is 
spontaneous resolution in RV dysfunction during the 
time interval between antimyosin scanning and gated 
blood pool scintigraphy. 

Study limitations: In addition to the lack of indepen- 
dent tests to diagnose RV infarction, other limitations of 
this study relate to the radionuclide used, to the anti- 
body fragment used, and to tomographic imaging. Myo- 
cardial counts from indium-111 antimyosin taken up 
into infarctions involving the larger left ventricular mus- 
cle mass are variable and can be low owing to the com- 
bination of variable delivery, low administered dose (2 
mCi), exclusion of the lower photopeak, and decay of 
the indium-111 from injection to imaging. Because the 
RV muscle mass is even less than the left ventricular 
muscle mass, RV uptake of indium-111 antimyosin may 
be difficult to distinguish from background or faint re- 
sidual blood pool activity in some cases. The spatial res- 
olution for SPECT imaging is 10 to 12 mm and the RV 
free wall thickness is 5 mm, leading to partial volume 
effects on the reconstructed slices. However, despite 
these technical drawbacks, there was a good interob- 
server correlation for identifying presence or absence of 
RV uptake. 

The slow blood pool clearance of the Fab fragment 
delays imaging for 48 hours after injection, making the 
technique not diagnostically useful in the acute critical 


care unit setting. However, the next step in antibody 
technology, the small sFv fragment labeled with techne- 
tium clears rapidly from the blood pool, and would 
overcome most of the technical limitations previously 
outlined.*! 

In conclusion, our data indicate that RV infarction is 
a common occurrence in patients with electrocardio- 
graphic evidence of acute inferior infarctions. Simulta- 
neous dual isotope indium-111 antimyosin and thalli- 
um-201 SPECT imaging in these patients can aid in 
localizing necrosis to either the right coronary or left 
circumflex territory, diagnose coexisting RV infarction 
and the rare case of isolated RV infarction. Although 
there are technical limitations to the physical properties 
of indium-111 and to the slow blood pool clearance of 
the Fab fragment, recent advances in antibody technol- 
ogy have the potential to improve imaging of RV necro- 
sis markedly. 
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Frequency of Late Potentials on Signal-Averaged 





Electrocardiograms During Thallium Stress 


Testing in Coronary Artery Disease 
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Late potentials detected by signal-averaged elec- 
trocardiography (SAECG) are an important nonin- 
vasive indicator identifying patients with previous 
myocardial infarction at risk for developing ven- 
tricular tachycardia. The role of myocardial isch- 
emia in the development of late potentials is unde- 
fined. This study attempts to determine if late 
potentials on SAECG can be produced during scin- 
tigraphically proven ischemia. A signal-averaged 
electrocardiogram was obtained before and imme- 
diately after single-photon emission computed to- 
mography thallium exercise testing in 51 patients. 
Reversible ischemia was documented in 25 cases 
with no significant changes in the parameters of 
SAECG; patients with previous myocardial infarc- 
tion (n = 10) also had no significant changes from 
baseline. Multivariate analysis with respect to re- 
versible ischemia and previous myocardial infarc- 
tion was unrevealing. Patients with late potentials 
at baseline (n = 10) who developed reversible isch- 
emia (n = 5) had a shorter QRS duration than 
those with late potentials at baseline and no re- 
versible ischemia. The data indicate that exercise- 
induced scintigraphically proven ischemia does 
not alter SAECG even in the presence of previous 
myocardial infarction. Patients with late potentials 
at baseline may actually have a shortened QRS 
duration during reversible ischemia as opposed to 
the expected lengthening of the QRS. 

(Am J Cardiol 1992;70:432-435) 
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trocardiogram (SAECG) are considered an im- 

portant noninvasive indicator identifying patients 
with previous myocardial infarction at risk for ventricu- 
lar tachycardia and sudden death.'~? These low-ampli- 
tude waveforms are thought to represent delayed activa- 
tion of damaged myocardium that serves as an arrhyth- 
mogenic substrate.!°!2 It is unclear whether myocardial 
ischemia has a significant role in the development of 
these late potentials. Many investigators have attempted 
to define the role of ischemia in the development of ven- 
tricular tachycardia,'*-'© but no clear association has 
been documented between transient ischemia and late 
potentials. Recent studies did not demonstrate a signifi- 
cant change in the parameters of the SAECG during 
exercise electrocardiography or dipyridamole thallium- 
201 scintigraphy.'’:!® Single-photon emission computed 
tomography (SPECT) thallium exercise testing would 
be a better test for myocardial ischemia, because it is 
more sensitive and specific than exercise electrocardiog- 
raphy,!? and dipyridamole thallium-201 scintigraphy in- 
duces relative coronary hypoperfusion to detect coro- 
nary artery disease without the development of true 
ischemia.”° This study examines if late potentials on the 
SAECG can be produced during scintigraphically prov- 
en, exercise-induced ischemia. 


i ate potentials detected by the signal-averaged elec- 


METHODS 

Study design: Each patient had a baseline resting 
12-lead electrocardiogram and SAECG. The exercise 
portion consisted of a standard symptom-limited Bruce 
or modified Bruce protocol with continuous electro- 
cardiographic monitoring and thallium-201 injection 1 
minute before termination of exercise. Standard electro- 
cardiographic criteria were used to describe an abnor- 
mal test. The postexercise SAECG was recorded simul- 
taneously with SPECT imaging. Thallium images were 
blindly reviewed by 2 experienced interpreters without 
knowledge of the signal-averaged electrocardiographic 
parameters. 

Signal-averaged electrocardiography: Signal-aver- 
aged data were recorded by a Corozonics Predictor I 
machine with input to a Compaq 30/386 portable com- 
puter using Simson’s methods.!° The skin was cleaned 
with alcohol and abraded, and electrodes were placed in 
the X, Y and Z configurations before exercise and not 
altered. Signals were amplified, averaged and filtered 
using a 40 Hz high-pass bidirectional filter. Recording 
was continued until the noise level was at least <0.7 uv 
(usually needing 200 to 400 beats). Parameters of the 
SAECG were calculated as previously described.!° Late 
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potentials were defined as: (1) QRS duration >114 ms, 
(2) root-mean-square voltage of the terminal 40 ms of 
the filtered QRS <20 pv, and (3) low-amplitude signals 
<40 uv for >38 ms.?! 

Study patients: All patients referred for SPECT 
thallium exercise testing were considered. Subjects were 
initially excluded from the study if: (1) they had an 
acute myocardial infarction in the previous 3 weeks; 
(2) their baseline electrocardiogram showed a bundle 
branch block, a QRS duration >120 ms or a corrected 
QT interval >0.44 seconds; or (3) there was any evi- 
dence of an electrolyte imbalance or antiarrhythmic in- 
tervention. Sixty-two patients were originally included; 


TABLE I Changes in Signal-Averaged Electrocardiographic 


Parameters with Exercise 


Reversible 
Ischemia 
(group 1, n = 25) 


LAS (ms) 
After exercise 
Before exercise 
Difference 

RMS40 (uv) 
After exercise 
Before exercise 
Difference 


No Reversible 


(group 2, n = 26) 


QRSd (ms) 
After exercise 
Before exercise 
Difference 


however, data from 11 patients were excluded because 
of: (1) noise levels >0.7 uv (n = 5), (2) technical diffi- 
culties (n = 3), and (3) exercise-induced ventricular 
tachycardia or bundle branch block (n = 3). In the re- 
maining 51 patients, 23 (45%) had catheterization-prov- 
en coronary artery disease, 10 (20%) had previously 
documented myocardial infarction, 10 (20%) had late 


*p = not significant comparing groups 1 and 2. 

All data expressed as mean + SD. 

LAS = low-amplitude signals; QRSd = QRS duration; RMS40 = root-mean-square 
voltage of terminal 40 ms of QRS complex. 
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FIGURE 1. Horizontal short (top left) and long (top right) thalium-201 emission computed tomographic images demonstrate in- 
ferolateral ischemia. Signal-averaged electrocardiograms before (bottom left) and after (bottom right) exercise show no signifi- 
cant changes during scintigraphically proven exercise-induced ischemia. DUR = total QRS duration; IN = integral of waveform 
for total QRS; LAS = low-amplitude signals; MN = mean value of terminal voltage; REDIST = redistribution images; RMS = root- 
mean-square voltage. 
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TABLE Il Effect of Exercise-Induced Ischemia on Signal- 
Averaged Electrocardiogram of Patients with Late Potentials at 
Baseline 


LP With Ischemia LP Without Ischemia 


LAS (ms) 
After exercise 
Before exercise 
Difference 

RMS40 (pv) 
After exercise 
Before exercise 
Difference 

QRSd (ms) 
After exercise 
Before exercise 
Difference 

*p = not significant comparing patients who had LP at baseline with ischemia to 

those without; tp = 0.008. 


All data expressed as mean + SD. 
LP = late potentials; other abbreviations as in Table |. 


potentials on the baseline SAECG, and 4 (8%) had an 
ejection fraction <40%. 

The demographics of this group include 37 men and 
14 women. In this cohort, 12 patients (24%) had angi- 
na, 22 (43%) had atypical chest pain, and 17 (33%) 
were asymptomatic and referred for other reasons (such 
as preoperative clearance or follow-up after myocardial 
infarction). 


RESULTS 

Only 3 of 51 patients developed late potentials dur- 
ing exercise. One of the 3 patients actually had scinti- 
graphically proven ischemia, but none had a previous 
myocardial infarction or cardiac history. When the en- 
tire cohort was examined, 25 patients had exercise-in- 
duced reversible ischemia and 26 did not. No differ- 
ences between the signal-averaged electrocardiographic 
parameters before and after exercise were found using 
analysis of variance when comparing the groups with 
and without ischemia (Table I). An example of patient 
data is shown in Figure 1. Patients with previous myo- 
cardial infarction also had no statistically significant 
differences in the parameters of the SAECG induced by 
exercise, despite a higher proportion of reversible isch- 
emia in the group with infarction than in that without 
infarction (data not shown). Multivariate analysis using 
age as a covariate did not identify a subgroup of pa- 
tients with reversible ischemia or previous myocardial 
infarction, or both, that developed significant changes 
in the signal-averaged electrocardiographic parameters 
during exercise. This multivariate analysis was also per- 
formed using exercise electrocardiographic criteria as 
the definition of ischemia, and no statistically signifi- 
cant changes were identified in any subgroup (data not 
shown). Late potentials were present in 10 patients 
(20%) at baseline, and 5 of these had reversible isch- 
emia. The QRS duration became shorter (p = 0.008) in 
patients with reversible ischemia and late potentials at 
baseline compared with the group without ischemia who 
also had late potentials at baseline (Table II). 





DISCUSSION 

Many investigators!®.!3-!© have attempted to define 
and identify the arrhythmogenic substrate that initiates 
ventricular tachycardia and sudden death. Late poten- 
tials detected by the SAECG are promising as noninva- 
sive indicators of patients at risk for lethal arrhyth- 
mias.%45.22 The source of late potentials is not well- 
understood, but these low-amplitude, high-frequency 
potentials at the end of the QRS complex represent de- 
layed myocardial activation.'°!© The current consensus 
hypothesis for the development of lethal arrhythmias re- 
quires the presence of a structural defect such as a pre- 
vious myocardial infarction in conjunction with a tran- 
sient metabolic defect related to ischemia or other 
causes.7> It is reasonable to expect that by inducing 
ischemia one may potentially reveal or augment the ar- 
rhythmogenic substrate that late potentials represent. 

Based on the results of the present prospective study, 
it appears that the parameters of the SAECG are not 
essentially altered during exercise-induced, scintigraphi- 
cally proven ischemia. Furthermore, because patients 
with a previous myocardial infarction are more likely to 
have late potentials, one may anticipate in this higher 
risk subgroup that ischemia would produce late poten- 
tials or worsen already slowed conduction. We found 
that patients with a known previous myocardial infarc- 
tion and documented exercise-induced ischemia do not 
appear to develop late potentials. The only statistically 
demonstrable difference before and after exercise was 
found in the subgroup of patients with late potentials at 
baseline. In this subgroup, the QRS duration became 
shorter with reversible ischemia during exercise, a pat- 
tern that is the reverse of what would be expected if late 
potentials were to worsen. If ischemia were to slow al- 
ready delayed activation, one would expect the QRS 
duration to lengthen. 

In this study, only 3 patients developed late poten- 
tials after exercise, but only 1 had documented revers- 
ible ischemia. The finding of a small number of patients 
that develops late potentials during exercise or dipyrida- 
mole thallium-201 scintigraphy was noted in previous 
investigations.'’!8 This observation most likely rep- 
resents a false-positive signal-averaged electrocardio- 
graphic response considering that 2 of 3 patients in this 
study with this finding had normal SPECT thallium im- 
ages and none of these had a previously documented 
myocardial infarction. 

The clinical implication of this study is that patients 
who may be at higher risk for ventricular arrhythmias 
cannot be identified during exercise-induced ischemia. 
The arrhythmogenic substrate that late potentials repre- 
sent is not altered by exercise-induced ischemia, at least 
as detected by standard signal-averaged electrocardio- 
graphic parameters. 

Conclusion: This study demonstrates that no signifi- 
cant alterations of the parameters of the SAECG 
occurred with exercise-induced scintigraphically proven 
ischemia. No subgroup (either those with reversible 
ischemia or previous myocardial infarction, or both) 
was identified using multivariate analysis as having sta- 
tistically significant changes in the signal-averaged elec- 
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trocardiographic parameters with exercise. In patients 
with late potentials at baseline, only QRS duration 
changed significantly with reversible ischemia, and this 
actually shortened. Although ischemia may have an in- 
tegral role in the development of late potentials and ven- 
tricular tachycardia, it does not significantly alter the 
SAECG. 
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Relation of the Level of High-Density Lipoprotein 
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Coronary Artery Disease 
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Plasma lipid profiles, including high-density lipo- 


protein (HDL) subfractions HDL2 and HDL3, were 
obtained in 115 men undergoing coronary angiog- 
raphy to assess the relation of lipid levels to coro- 
nary artery disease (CAD). CAD was present in 87 
patients (76%) and absent in 28 (24%). The larg- 
est difference between the 2 groups was observed 
for HDL2 cholesterol, with a mean of 0.13 mmol/ 
liter (5 mg/dl) in patients with CAD compared with 
0.25 mmol/liter (10 mg/dl) in those without CAD 
(p <0.005). Smaller differences were found for 
HDL3 (1.02 mmol/liter [39 mg/dl] vs 1.19 mmol/ 
liter [46 mg/dl]; p <0.005) and HDL (1.15 vs 1.42 
mmol/liter [45 vs 55 mg/dl]; p <0.001) cholester- 
ol, and apolipoprotein A-1 (1.37 vs 1.50 g/liter; p 
<0.01) and plasma triglycerides (1.79 vs 1.38 
mmol/liter [159 vs 122 mg/dl]; p <0.05). No sig- 
nificant difference was found for plasma and low- 
density lipoprotein cholesterol, and apolipoprotein 
B levels. 

Simple regression analysis revealed that the 
most powerful independent variable associated 
with the extent of CAD was HDL2 cholesterol 
(Spearman rho = 0.311; p <0.001). Stepwise mul- 
tiple regression analysis proved HDL2 cholesterol 
and age to be the strongest predictors of extent of 
CAD. The level of HDL2 cholesterol was reason- 
ably well correlated with HDL cholesterol 
(r2 = 0.6; p <0.0001), but less so with plasma 
apolipoprotein A-1 (r? = 0.4; p <0.0001). The 
data add to the growing body of information dem- 
onstrating an important association of HDL (and 
more specifically HDL2) with CAD in men. 

(Am J Cardiol 1992;70:436-440) 
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mong the various lipid risk factors for coronary 

artery disease (CAD), decreased high-density li- 

poprotein (HDL) cholesterol is the strongest 
predictor of clinical end points.!? Decreased HDL cho- 
lesterol values predict CAD even when total cholester- 
ol values are not elevated.2-© Furthermore, data from 
the Helsinki Heart Study suggest that HDL-increasing 
treatment is associated with a decrease in incidence of 
CAD.’ In angiographic studies, the relation between 
HDL cholesterol levels and CAD has varied widely, 
ranging from significant inverse correlations? to no as- 
sociation.!'! At least part of this discrepancy may be 
explained by the fact that HDL is not part of a uniform 
lipoprotein class. In humans, HDL comprises 2 groups 
with different biochemical properties, the more lipid- 
rich HDL, and the smaller, denser HDL3.!2 Incidence 
of CAD is thought to depend on both HDL, and 
HDL;.!3-'© However, there are no angiographic studies 
that examined HDL, and HDL; both within CAD pa- 
tients and between patients with and without coronary 
lesions. Therefore, we determined HDL subfractions in 
115 consecutive men undergoing elective diagnostic cor- 
onary angiography. The data demonstrate that among 
all lipoprotein parameters measured, HDL» cholesterol 
is the strongest predictor of both presence and extent of 
CAD. 


METHODS 

Patient selection: The study group comprised 115 
consecutive men undergoing elective coronary angiogra- 
phy for evaluation of established or suspected CAD. 
Specifically, causes for referral were: typical angina in 
69 patients, silent ischemia in 5, old myocardial infarc- 
tion in 12, atypical chest pain in 15, aortic stenosis in 6, 
aortic regurgitation in 3, and mitral regurgitation in 5. 
Only patients who had adequate visualization of both 
the right and left coronary artery system and a fasting 
lipid profile (see later) were included. Patients with dia- 
betes mellitus, idiopathic cardiomyopathy, myocardial 
infarction or a major surgical intervention within the 
preceding 12 weeks and those receiving lipid-lowering 
drugs were excluded. Furthermore, weight loss, viral ill- 
ness, immobilization, hospitalization and any type of 
surgery during the preceeding 4 weeks led to exclusion 
from the study. 

Coronary angiography: Selective coronary angio- 
grams were obtained using the Judkins or Sones tech- 
nique. Multiple views of the right and left coronary 
arteries were recorded. Angiograms were independently 
reviewed and coded by 2 cardiologists (FWA and CN) 
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without prior knowledge of the lipoprotein values. The 
presence and extent of CAD was determined by consen- 
sus. For our study, we divided the coronary circulation 
into the following 12 segments: left main coronary ar- 
tery, proximal left anterior descending artery (up to the 
first diagonal branch), more distal left anterior descend- 
ing artery, major septal branch, first and second diago- 
nal branches, circumflex artery, first and second pos- 
terolateral (obtuse marginal) branches, right coronary 
artery, posterior descending artery and right posterolat- 
eral branch. CAD was considered present if 21 seg- 
ment had 250% diameter stenosis. CAD was then de- 
termined by extent, which was defined as the total of all 
segments with 250% obstruction. Additional narrow- 
ings with <50% stenosis were not considered for evalua- 
tion, except for the 28 patients without significant ste- 
noses; 20 with completely normal coronary arteries, 4 
with minimal lesions (<10% stenosis), 2 with one 10 to 
30% stenosis, and 2 with one 30 to 50% stenosis. Of the 
87 patients with significant (250%) stenosis, 19 had 1- 
vessel, 23 had 2-vessel and 45 had 3-vessel disease. In 
all, 310 significant stenoses were found; degree of steno- 
sis was 50 to 69% in 80 cases, 70 to 89% in 111, and 
>90% in 119; 7 stenoses were located in the left main 
coronary artery, 120 in the tree of the left anterior de- 
scending artery, 96 in the tree of the circumflex artery, 
and 87 in the tree of the right coronary artery. 

Lipid and lipoprotein measurements: After a super- 
vised overnight fast of 12 to 13 hours and complete 
abstinence from ethanol for 224 hours, venous blood 
was collected from an antecubital vein in ethylenedi- 
aminetetraacetate-containing Vacutainer!™ tubes (Bec- 
ton Dickinson, Meylan, France). During blood collec- 
tion, the patient remained in a sitting position, and 
blood was obtained without a tourniquet. The blood 
sample was centrifuged immediately, and the plasma 
was stored at —20°C for 1 to 4 days before being ana- 
lyzed. Cholesterol and triglycerides were measured en- 
zymatically using the Cholesterol CHOD-PAP-Method 
and the Triglyceride GPO-PAP-Method, respectively 
(Roche, Basle, Switzerland). These tests were adapted 
to a Cobas Mira random access analyzer (Roche). 
HDL, HDL, and HDL; cholesterol were determined 
using a stepwise precipitation procedure with dextran 
sulfate,!’? and the analytic method (described previous- 
ly) was used for total cholesterol. This stepwise HDL 
precipitation procedure agrees well with HDL subfrac- 
tion analysis by rate zonal ultracentrifugation.!® Plasma 
concentrations of apolipoproteins A-1 and B were deter- 
mined by turbidimetric immunoprecipitation assays 
(Uni Kit T, Roche) on a Cobas Mira. These methods 
have been shown to produce excellent agreement with 
nephelometric assays.!? Low-density lipoprotein (LDL) 
cholesterol was calculated using Friedewald’s formula” 
for plasma samples with triglyceride concentrations 
<4.52 mmol/liter; in the 3 patients with triglyceride 
values >4.52 mmol/liter, no attempt was made to esti- 
mate LDL cholesterol. 

The following performance characteristics of the 
dual precipitation method were obtained in our labora- 
tory: the first precipitation, in terms of HDL cholesterol 
(n = 10), had an intraassay coefficient of variation of 


TABLE I Risk Factors (mean + SEM) in Patients With 
(n = 87) and Without (n = 28) Significant (> 50%) 
Coronary Stenoses 


Lipid Risk Factors 


Risk factors 
Plasma cholesterol 
Plasma triglyceride 
HDL cholesterol 
HDL triglyceride 
HDL2 cholesterol 
HDL3 cholesterol 
Apolipoprotein A-1 
Apolipoprotein B 
LDL cholesterol 
Plasma/HDL cholesterol 
LDL/HDL cholesterol 


5.89 + 0.11 
1.79 + 0.10 
1.15 + 0.04 
0.24 + 0.01 
0.13 + 0.02 
1.02 + 0.03 
1.37 + 0.02 
1.20 + 0.03 
3.95 + 0.10 
5.56 + 0.21 
3.67 + 0.15 


Without 


5.94 + 0.21 
1.38 + 0.10 
1.42 + 0.08 
0.27 + 0.02 
0.25 + 0.05 
1.19 + 0.04 
1.50 + 0.05 
1.17 + 0.05 
3.89 + 0.20 
4.43 + 0.23 
2.94 + 0.20 


p Value 


Nonlipid risk factors 

Age (year) 

Cigarette consumption 
(pack/year) 

Ethanol ingestion (g/day) 

Systolic blood pressure 
(mm Hg) 

Diastolic blood pressure 
(mm Hg) 


Body mass index (kg : m72) 26+3 


Apolipoprotein plasma concentrations are in g/L, and lipids and lipoprotein lipids are 
in mmol/L. 
HDL = high-density lipoprotein; LDL = low-density lipoprotein. 





1.4% (mean = 1.26 mmol/liter) and 1.8% (mean = 1.74 
mmol/liter). The variation coefficient of the second pre- 
cipitation, in terms of HDL; cholesterol, was deter- 
mined in 2 different ways: First, when after the first 
precipitation the supernatant of each sample (n = 10) 
was subjected to the second precipitation, the variation 
coefficient was 2.2% (mean = 1.16 mmol/liter) and 
1.2% (mean = 1.35 mmol/liter); second, when we ap- 
plied the second precipitation procedure 10 times to a 
homogenous stock solution of the first precipitation’s su- 
pernatant, the variation coefficient was 1.5% (mean = 
1.15 mmol/liter) and 1.7% (mean = 1.35 mmol/liter). 
The interassay variation coefficient (precipitation on 8 
consecutive days) was 1.6% (mean = 1.26 mmol/liter) 
and 1.8% (mean = 1.72 mmol/liter) for the first precip- 
itation step, and 2.4% (mean = 1.26 mmol/liter) and 
1.8% (mean = 1.37 mmol/liter) for the second step. 

Data analysis: Patients were grouped into those with 
and without CAD. Differences in mean age, lipid and 
lipoprotein values were evaluated using Student’s f test. 
Univariate Spearman rank correlation coefficients were 
computed for lipid values and age to characterize their 
relation to the extent of CAD. Stepwise multiple logistic 
regression analysis?! was used to assess the independent 
contribution of each of the variables to presence and 
extent of CAD. All calculations were performed on a 
Macintosh IIcx model using a Stat View'™, v 1.01 Soft- 
ware Package. 


RESULTS 

By elective diagnostic coronary angiography, 115 
men were allocated to either of 2 groups: patients with 
CAD (n = 87) or those without significant coronary le- 
sions (n = 28). Table I lists the lipoprotein profile and 
nonlipid risk factors of the 2 groups. In absolute terms, 
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the largest difference was found for HDL» cholesterol, 
which was decreased in CAD patients to nearly half the 
level of those without CAD (Figure 1). In the ¢ test, the 
largest difference was found for HDL cholesterol, fol- 
lowed by HDL; and HDL)» cholesterol (Table I). In a 
multiple regression model, the independent predictive 
value of HDL, and HDL; cholesterol, and apolipopro- 
tein A-1 for the presence of CAD was assessed: both 
HDL, (p = 0.03) and HDL; (p = 0.04) cholesterol 
were significantly related, but apolipoprotein A-1 was 
not (p= 0.3). The 28 patients without significant le- 
sions were further subdivided into 20 with entirely nor- 
mal coronary arteries and 8 with lesions of 10 to 49% 
stenosis. No significant difference between these 2 sub- 
groups was found in any of the parameters listed in Ta- 
ble I. 

Spearman rank correlation coefficients were calcu- 
lated between the aforementioned risk factors and num- 
ber of coronary stenoses. The strongest correlation was 
found for HDL» cholesterol (r = 0.311; p = 0.0009), 
followed by HDL cholesterol (r = 0.3; p = 0.0014). 
Whereas weaker significance was also found for HDL; 
cholesterol (r = 0.253; p = 0.0069), apolipoprotein A-1 
(r = 0.228; p=0.0151), triglycerides (r = 0.232; p= 
0.0132) and age (r = 0.195; p = 0.0371), no such corre- 
lation (p >0.1) was found for total and LDL cholester- 
ol, and apolipoprotein B. The correlation coefficient for 
HDL, cholesterol was even stronger than that for the 
total HDL cholesterol ratio (r = 0.249; p = 0.0079). 

A stepwise multiple regression model was construct- 
ed using the plasma concentrations of HDL2 and HDL; 
cholesterol, apolipoprotein A-1, cholesterol and triglyc- 
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erides as the independent variables to predict the num- 
ber of coronary lesions in the 115 patients. In this mod- 
el, only HDL» cholesterol was significantly (p <0.005) 
related to the number of lesions. When age was added 
to the model, age (p <0.005) and triglycerides (p 
<0:025) became significant predictors in addition to 
HDL». When HDL cholesterol was also added to the 
model, HDL, cholesterol and triglycerides lost their in- 
dependent predictive power; in this case, HDL choles- 
terol (p <0.005) and age (p <0.005) were the only sig- 
nificant predictors of the number of lesions. 

Because HDL, cholesterol was the major risk factor 
in our cohort, we also investigated how well HDL» cho- 
lesterol can be predicted by the more widely used pa- 
rameters, HDL cholesterol and apolipoprotein A-1. In 
the simple regressions, HDL cholesterol was the better 
predictor (r? = 0.6) (i.e., 60% of the variance of HDL2 
cholesterol could be predicted by the HDL cholester- 
ol values, whereas apolipoprotein A-1 predicted 41% 
[r? = 0.41]). In the multiple regression model, only 
HDL cholesterol significantly (p <0.005) predicted 
HDL, cholesterol. 


DISCUSSION 

In our cohort of 115 men, presence and extent of 
CAD were strongly related to decreased HDL choles- 
terol, but not to increased total plasma or LDL choles- 
terol. These findings closely agree with the recent report 
of Romm et al? where HDL was the best predictor of 
both presence and extent of CAD, whereas total and 
LDL cholesterol were not. Evidence that a desirable to- 
tal cholesterol does not afford immunity from CAD 


FIGURE 1. Means and SD of plasma con- 
centrations of high-density lipoprotein2 
(HDL2, top) and high-density lipoprotein; 
(HDL3, bottom) as function of number of 
coronary lesions. 


AUGUST 15, 1992 


was also exemplified in the Framingham Study, where 
>15% of middle-aged adults developing CAD over a 
12-year period had total cholesterol levels <5.2 mmol/ 
liter.’ A prevalence as high as 34% of desirable total 
cholesterol among CAD patients has been found by oth- 
er investigators.° In this case, HDL was independently 
associated with risk of CAD. 

HDL particles have considerable heterogeneity of 
size, density and flotation rate. Two subclasses (the 
larger, more lipid-rich HDL, and the smaller, denser 
HDL3) predominate in human plasma. HDL, has 
greater interindividual variance than does HDL3.”3 This 
is also demonstrated in our cohort (Figure 1), with the 
mean HDL, cholesterol of patients without CAD being 
approximately 3 times higher than that of those with 
>6 stenoses, whereas HDL; differed only by a factor of 
1.4. Until recently, determination of HDL, and HDL; 
cholesterol needed sophisticated and time-consuming ul- 
tracentrifugation. By a dual precipitation method,!’ the 
subfraction measurement is now feasible for the clinical 
laboratory. The procedure was recently introduced to 
prospective clinical studies.!4 

In the present study, for the first time, this method 
was used together with angiographic assessment of 
CAD. Our data suggest that the inverse relation be- 
tween HDL level and extent of CAD is accounted for 
mainly by the HDL» subfraction and only less so by 
HDL3. HDL, cholesterol is the better predictor of pres- 
ence and extent of CAD than are HDL or HDL; cho- 
lesterol, or apolipoprotein A-1. In the stepwise multiple 
regression analysis, neither HDL; nor apolipoprotein A- 
1 significantly increased the predictive power compared 
with that provided by HDL, alone. That the predictive 
power of HDL cholesterol is in HDL; cholesterol is also 
exemplified by the multiple regression model including 
HDL cholesterol; on inclusion of HDL cholesterol, 
HDL) cholesterol loses its independent predictive pow- 
er, indicating a complete interdependence of the 2 pa- 
rameters. HDL» cholesterol predicted extent of CAD 
even better than cholesterol/HDL cholesterol ratio, the 
parameter found by other investigators*4 to be most 
Closely related to both presence and severity of CAD. 
Our findings on HDL» cholesterol are in agreement 
with the recent report? of a significantly inverse corre- 
lation between a subset of HDL» (HDL») and both 
CAD severity and progression of CAD. Thus, with 
HDL», we have identified an HDL subclass that is a 
more powerful risk factor than is overall HDL and has 
considerable clinical applicability, because the method 
of measurement is suitable for routine use. 

It was recently shown that incorporation of the hu- 
man apolipoprotein A-1 gene into the mouse genome 
directly prevents atherogenesis.*° Thus, there is now evi- 
dence for a direct causal link between HDL and protec- 
tion from atherosclerosis. In this context, our data indi- 
cate that HDL indeed can accept cholesterol from pe- 
ripheral (e.g., arterial) tissues and transport it to the 
liver. The magnitude of this reversed cholesterol trans- 
port should depend on 2 factors: the level of lipoprotein 
accepting cholesterol (i.e., of HDL3 or its precursor), 
and the functional capacity of esterifying and incorpo- 


rating cholesterol into HDL. The amount of cholesterol 
transported in HDL; is then the reflection of both the 
availability of HDL; and the functional capacity of cho- 
lesterol esterification. This view explains the indepen- 
dent but relatively weak effect of HDL, on extent of 
CAD observed in our study. Because a defect of the 
natural repair capacity in HDL renders the arterial wall 
vulnerable to atherosclerosis, the extent of cholesterol 
deposition can be expected to depend on both the sever- 
ity of the HDL defect and the duration of exposure. 
Accordingly, our study demonstrates a highly signifi- 
cant correlation of both HDL» cholesterol and age to 
the extent of CAD. 

This study focused on HDL cholesterol and subfrac- 
tions, LDL cholesterol and triglycerides. However, there 
are other lipid risk factors for CAD, such as the level of 
lipoprotein (a)?’ or postprandial lipoproteins?! that were 
not examined in this study, which may also have 
contributed to the extent of CAD. Whereas the associa- 
tion of apolipoprotein (a) levels appears independent of 
HDL,” there is evidence that the level of HDL, in- 
versely correlates with the magnitude of postprandial li- 
pemia.*° Thus, postprandial lipoproteins, although not 
directly investigated in this study, may have had an im- 
portant role for atherogenesis in our patients. 
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BRIEF SUMMARY 

CONTRAINDICATIONS 

Diltiazem hydrochloride is contraindicated in: (1) patients with sick sinus syndrome except in the 
presence of a functioning ventricular pacemaker; (2) patients with second or third degree AV block 
except in the presence of a functioning ventricular pacemaker; (3) patients with hypotension (less 
than 90 mmHg systolic); (4) patients who have demonstrated hypersensitivity to the drug; and (5) 
patients with acute myocardial infarction and pulmonary congestion as documented by X-ray on 
admission. 

WARNINGS 

1. Cardiac Conduction. Diltiazem hydrochloride prolongs AV node refractory periods without signifi- 
cantly prolonging sinus node recovery time, except in patients with sick sinus syndrome. This effect 
may rarely result in abnormally slow heart rates (particularly in patients with sick sinus syndrome) or 
second, or third degree AV block (22 of 10,119 patients, or 0.2%); 41% of these 22 patients were 
receiving concomitant &-adrenoceptor antagonists versus 17% of the total group. Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive effects on cardiac conduction. A 
patient with Prinzmetal’s angina developed periods of asystole (2 to 5 seconds) after a single 60 mg 
dose of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative inotropic effect in isolated animal tis- 
sue preparations, hemodynamic studies in humans with normal ventricular function have not shown 
a reduction in cardiac index nor consistent negative effects on contractility (do/dt). An acute study of 
oral diltiazem in patients with impaired ventricular function (ejection fraction of 24% + 6%) showed 
improvement in indices of ventricular function without significant decrease in contractile function 
(dp/dt). Worsening of congestive heart failure has been reported in patients with preexisting impair- 
ment of ventricular function. Experience with the use of diltiazem hydrochloride in combination with 
beta-blockers in patients with impaired ventricular function is limited. Caution should be exercised 
when using this combination. 

3. Hypotension. Decreases in blood pressure associated with diltiazem hydrochloride therapy may 
occasionally result in symptomatic hypotension. 

4. Acute Hepatic Injury. Mild elevations of serum transaminases with and without concomitant eleva- 
tion in alkaline phosphatase and bilirubin have been observed in clinical studies. Such elevations 
were usually transient and frequently resolved even with continued diltiazem treatment. In rare 
instances, significant elevations in alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena 
consistent with acute hepatic injury have been noted. These reactions tenced to occur early after 
therapy initiation (1 to 6 weeks) and have been reversible upon discontinuation of drug therapy. The 
relationship to diltiazem is uncertain in some cases, but probable in some others (see PRECAU- 
TIONS). 

PRECAUTIONS 

General. Diltiazem hydrochloride is extensively metabolized by the liver and is excreted by the kid- 
neys and in bile. As with any drug given over prolonged periods, laboratory parameters should be 
monitored at regular intervals. The drug should be used with caution in patients with impaired renal 
or hepatic function. In subacute and chronic dog and rat studies designed to produce toxicity, high 
doses of diltiazem were associated with hepatic damage. In special subacute hepatic studies, oral 
doses of 125 mg/kg and higher in rats were associated with the histological changes in the liver 
which were reversible when the drug was discontinued. In dogs, doses of 20 mg/kg were also associ- 
ated with hepatic changes; however, these changes were reversible with continued dosing. 
Dermatological events (see ADVERSE REACTIONS) may be transient and may disappear despite con- 
tinued use of diltiazem hydrochloride. However, skin eruptions progressing to erythema multiforme 
and/or exfoliative dermatitis have also been infrequently reported. Should 2 dermatologic reaction 
persist, the drug should be discontinued. 

Although Dilacor™ XR utilizes a slowly disintegrating matrix, caution should still be used in patients 
with preexisting severe gastrointestinal narrowing (pathologic or iatrogenic). There have been no 
reports of obstructive symptoms in patients with known strictures in association with the ingestion of 
Dilacor™ XR. 

Information for Patients. Dilacor™ XR capsules should be taken on an empty stomach. Patients 
should be cautioned that the Dilacor™ XR capsules should not be opened, chewed or crushed, and 
should be swallowed whole. 

Drug Interaction. Due to the potential for additive effects, caution and careful titration are warranted 
in patients receiving diltiazem hydrochloride concomitantly with any agents known to affect cardiac 
contractility and/or conduction (see WARNINGS). Pharmacologic studies indicate that there may be 
additive effects in prolonging AV conduction when using beta-blockers or digitalis concomitantly 
with diltiazem hydrochloride (see WARNINGS). As with all drugs, care should be exercised when 
treating patients with multiple medications. Diltiazem hydrochloride undergoes biotransformation by 
cytochrome P-450 mixed function oxidase. Co-administration of diltiazem hydrochloride with other 
agents which follow the same route of biotransformation may result in the competitive inhibition of 
metabolism. Dosages of similarly metabolized drugs, such as cyclosporin, particularly those of low 
therapeutic ratio or in patients with renal and/or hepatic impairment, may require adjustment when 
starting or stopping concomitantly administered diltiazem hydrochloride to maintain optimum thera- 
peutic blood levels. 

Beta-Blockers: Controlled and uncontrolled domestic studies suggest that concomitant use of dilti- 
azem hydrochloride and beta-blockers or digitalis is usually well-tolerated, but available data are not 
sufficient to predict the effects of concomitant treatment in patients with left ventricular dysfunction 
or cardiac conduction abnormalities. Administration of diltiazem hydrochloride concomitantly with 
propranolol in five normal volunteers resulted in increased propranolol levels in all subjects and the 
bioavailability of propranolol was increased approximately 50%. If combination therapy is initiated or 
withdrawn in conjunction with propranolol, an adjustment in the propranolol dose may be warranted 
(see WARNINGS). 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak diltiazem 
plasma levels (58%) and area-under-the-curve (53%) after a 1-week course of cimetidine at 1,200 mg 
per day and diltiazem 60 mg per day. Ranitidine produced smaller, nonsignificant increases. The 
effect may be mediated by cimetidine’s known inhibition of hepatic cytochrome P-450, the enzyme 
system probably responsible for the first-pass metabolism of diltiazem. Patients currently receiving 
diltiazem therapy should be carefully monitored for a change in pharmacological effect when initiat- 
ing and discontinuing therapy with cimetidine. An adjustment in the diltiazem dose may be war- 
ranted. 

Digitalis: Administration of diltiazem hydrochloride with digoxin in 24 healthy male subjects 
increased plasma digoxin concentrations approximately 20%. Another investigator found no 
increase in digoxin levels in 12 patients with coronary artery disease. Since there have been conflict- 
ing results regarding the effect of digoxin levels, it is recommended that digoxin levels be monitored 
when initiating, adjusting, and discontinuing diltiazem hydrochloride therapy to avoid possible over- 
or under-digitalization (see WARNINGS). 

Anesthetics: The depression of cardiac contractility, conductivity, and automaticity as well as the vas- 
cular dilation associated with anesthetics may be potentiated by calcium channel blockers. When 
used concomitantly, anesthetics and calcium channel blockers should be titrated carefully. 
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Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study in rats and an 18-month 
study in mice showed no evidence of carcinogenicity. There was also no mutagenic response in vitro 
or in vivo in mammalian cell assays or in vitro in bacteria. No evidence of impaired fertility was 
observed in male or female rats at oral doses of up to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, rats, and rabbits. 
Administration of doses ranging from 4 to 6 times (depending on species) the upper limit of the opti- 
mum dosage range in Clinical trials (480 mg q.d. or 8 mg/kg q.d. for a 60 kg patient) has resulted in 
embryo and fetal lethality. These studies have revealed, in one species or another, a propensity to 
cause abnormalities of the skeleton, heart, retina, and tongue. Also observed were reductions in 
early individual pup weights and pup survival, prolonged delivery and increased incidence of still- 
births. 

There are no well-controlled studies in pregnant women; therefore, use diltiazem hydrochloride in 
pregnant women only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report suggests that concentrations in 
breast milk may approximate serum levels. If use of diltiazem hydrochloride is deemed essential, an 
alternative method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

Serious adverse reactions to diltiazem hydrochloride have been rare in studies with other formula- 
tions, as well as with Dilacor™ XR. It should be recognized, however, that patients with impaired 
ventricular function and cardiac conduction abnormalities have usually been excluded from these 
studies. 

The most common adverse events (frequency 21%) in placebo-controlled, clinical hypertension stud- 
ies with Dilacor™ XR using daily doses up to 540 mg are listed in the table below with placebo- 
treated patients included for comparison, 


MOST COMMON ADVERSE EVENTS 
IN DOUBLE-BLIND, PLACEBO-CONTROLLED HYPERTENSION TRIALS* 


Dilacor™ XR Placebo 
Adverse Events n=303 n=87 

(COSTART Term) # pts (%) # pts (%) 
rhinitis 29 (9.6) 7 (8.0) 

headache 27 (8.9) 12 (13.8) 
pharyngitis 17 (5.6) 4 (4.6) 
constipation 11 (3.6) 2 (2.3) 
cough increase 9 (3.0) 2 (2.3) 
flu syndrome 7 (2.3) 1 (1.1) 
edema, peripheral 7 (2.3) 0 (0.0) 
myalgia 7 (2.3) 0 (0.0) 
diarrhea 6 (2.0) 0 (0.0) 
vomiting 6 (2.0) 0 (0.0) 
sinusitis 6 (2.0) 1(1.1) 
asthenia 5 (1.7) 0 (0.0) 
pain, back 5 (1.7) 2 (2.3) 
nausea 5 (1.7) 1 (1.1) 
dyspepsia 4 (1,3) 0 (0.0) 
vasodilatation 4 (1.3) 0 (0.0) 
injury, accident 4 (1.3) 0 (0.0) 
pain, abdominal 3 (1.0) 0 (0.0) 
arthrosis 3 (1.0) 0 (0.0) 
insomnia 3 (1.0) 0 (0.0) 
dyspnea 3 (1.0) 0 (0.0) 
rash 3 (1.0) 1 (1.1) 
tinnitus 3 (1.0) 0 (0.0) 


*Adverse events occurring in 1% or more of patients receiving Dilacor™ XR. 


The following additional events (COSTART Terms), listed by body system, were reported infre- 
quently in all subjects and hypertensive patients who received Dilacor™ XR (n=425): Cardiovascular: 
First-degree AV block, arrhythmia, postural hypotension, tachycardia, pallor, palpitations, phlebitis, 
ECG abnormality, ST elevation; Nervous System: Vertigo, hypertonia, paresthesia, dizziness, somno- 
lence; Digestive System: Dry mouth, anorexia, tooth disorder, eructation; Skin and Appendages: 
Sweating, urticaria, skin hypertrophy (nevus); Respiratory System: Epistaxis, bronchitis, respiratory 
disorder; Urogenital System: Cystitis, kidney calculus, impotence, dysmenorrhea, vaginitis, prostate 
disease; Metabolic and Nutritional Disorders: Gout, edema; Musculoskeletal System: Arthralgia, bur- 
sitis, bone pain; Hemic and Lymphatic Systems: Lymphadenopathy; Body as a Whole: Pain, unevalu- 
able reaction, neck pain, neck rigidity, fever, chest pain, malaise; Special Senses: Amblyopia (blurred 
vision), ear pain. 

OVERDOSAGE OR EXAGGERATED RESPONSE 

Overdosage experience with oral diltiazem hydrochloride has been limited. The administration of 
ipecac to induce vomiting and activated charcoal to reduce drug absorption have been advocated as 
initial means of intervention. In addition to gastric lavage, the following measures should also be 
considered: 

Bradycardia: Administer atropine (0.60 to 1.0 mg). If there is no response to vagal blockade, adminis- 
ter isoproterenol cautiously. 

High-Degree AV Block: Treat as for bradycardia above. Fixed high-degree AV block should be treated 
with cardiac pacing. 

Cardiac Failure: Administer inotropic agents (dopamine or dobutamine) and diuretics. 

Hypotension: Vasopressors (e.g. dopamine or levarterenol bitartrate). 

Actual treatment and dosage should depend on the severity of the clinical situation as well as the 
judgment and experience of the treating physician. 

Due to extensive metabolism, plasma concentrations after a standard dose of diltiazem can vary over 
tenfold, which significantly limits their value in evaluating cases of overdosage. 

Charcoal hemoperfusion has been used successfully as an adjunct therapy to hasten drug elimina- 
tion. Overdoses with as much as 10.8 gm of oral diltiazem have been successfully treated using 
appropriate supportive care. 
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Comparison of Heart Rate Variability in 
Survivors and Nonsurvivors of 
Sudden Cardiac Arrest 
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Imbalances in autonomic nervous system function 
have been posed as a possible mechanism that 
produces ventricular fibrillation and sudden cardi- 
ac arrest in patients with cardiovascular disease. 
Heart rate (HR) variability is described in survi- 
vors and nonsurvivors of sudden cardiac arrest 
within 48 hours after resuscitation using time and 
frequency domain analytic approaches. HR data 
were collected using 24-hour ambulatory electro- 
cardiograms in 16 survivors and 5 nonsurvivors of 
sudden cardiac arrest, and 5 control subjects. 
Survivors of sudden cardiac arrest were followed 
for 1 year, with recurrent cardiac events occur- 
ring in 4 patients who died within that year. Anal- 
ysis of 24-hour electrocardiograms demonstrated 
that control subjects had the highest HR variabili- 
ty (standard deviation of all RR intervals = 155.2 
+ 54 ms), with nonsurvivors demonstrating the 
lowest HR variability (standard deviation of all 
RR intervals = 52.3 + 6.1 ms) and survivors of 
sudden cardiac arrest falling between the other 
2 groups (standard deviation of all RR inter- 
vals = 78 + 25.5 ms, p <0.0000). Two other in- 
dexes of HR variability (mean number of beat to 
beat differences in RR intervals >50 ms/hour and 
root-mean-square of successive differences in RR 
intervals) did not demonstrate the expected pat- 
tern in this sample, indicating that perhaps pat- 
terns of HR variability differ between groups of 
patients with cardiovascular disorders. Spectral 
analytic methods demonstrated that survivors of 
sudden cardiac arrest had reduced low- and high- 
frequency spectral power, whereas nonsurvivors 
demonstrated a loss of both low- and high-fre- 
quency spectral power. Left ventricular ejection 
fraction was significantly correlated with standard 
deviation of all RR intervals and standard devi- 
ation of the mean of RR intervals for 5-minute 
segments. One-year mortality in the survivor 
group of cardiac arrest was inversely related to 
several variables including age, standard deviation 
of all RR intervals, and low frequency power. 

(Am J Cardiol 1992;70:441-448) 
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the United States per year,! representing 40% of 

the total deaths due to cardiovascular disease. 
More than 80% of victims of sudden cardiac arrest have 
coronary artery disease, and for some a cardiac arrèst is 
the first indication that a cardiac condition exists. The 
economic loss associated with cardiovascular disease 
was estimated to be near 100 billion dollars in 1991.! 
Ventricular fibrillation without myocardial infarction is 
the etiologic factor responsible for the cardiac arrest 
event in >80% of all victims.? 

Recently heart rate (HR) variability, defined as 
spontaneous fluctuations in sinus rate due to internal 
and external body processes, has become a popular indi- 
cator of risk for death after a cardiac event. The devel- 
opment of malignant ventricular arrhythmias at the 
time of sudden cardiac arrest has been attributed to 
multiple causes. Evidence points to the important role of 
the autonomic nervous system in producing susceptibili- 
ty to ventricular fibrillation in subsets of patients with 
heart disease.*+ Specifically, increased sympathetic ner- 
vous system activity has been shown to decrease the 
ventricular fibrillation threshold, while vagal activity in- 
creases the ventricular fibrillation threshold and appears 
to protect against malignant arrhythmias. The exact 
mechanism by which the autonomic nervous system 
contributes to the development of ventricular fibrillation 
is unclear.® Findings demonstrate that patients dying of 
cardiac arrest exhibit a reduction in parasympathetic 
control mechanisms.’® Direct measurement of efferent 
vagal activity is not possible in conscious humans, but 
HR variability is one indirect method that has recently 
become available. Fluctuations in HR due to respira- 
tion, also known as respiratory sinus arrhythmia, are 
primarily vagally mediated and are often used as a non- 
invasive indicator of parasympathetic tone.”!° Potential- 
ly, quantification of parasympathetic and sympathetic 
nervous system activity may play an important role in 
understanding the pathophysiologic development of sud- 
den cardiac arrest, and may be useful clinically in diag- 
nosis, prognosis and management. 

The purpose of the current study was to compare 
HR variability in survivors and nonsurvivors after resus- 
citation from cardiac arrest in order to detect autonom- 
ic nervous system imbalances and to determine risk for 
mortality in the first year. Both time and frequency do- 
main analytic indexes of HR variability were calculated 
and compared with each other and with demographic 
characteristics. 


S udden cardiac death claims about 500,000 lives in 


METHOD 
Sample: The data reported here were part of a larg- 
er study that examined emotional and cognitive recov- 
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ery after sudden cardiac arrest during hospitalization. 
The sample of persons who had been resuscitated from 
sudden cardiac arrest was obtained from the Medic I 
Emergency Care Program of Seattle and King County. 
Patients were approached after they were admitted to 3 
area Seattle hospitals. Twenty-six participants met the 
study criteria and participated in all or parts of the 
study between November 1987 and May 1988. 

Group 1 (n = 16) participants were survivors of sud- 
den cardiac arrest who were resuscitated by paramedics, 
brought to the hospital, were subsequently discharged 
from the hospital to go home, and were independent in 
activities of daily living. Group 2 (n = 5) subjects were 
normal control subjects that were age- and sex-matched 
to group 1. These subjects had no history of cardiac 
disease, had no prior cardiac events, and were not tak- 
ing cardiac medications. Group 2 participants had pre- 
sumably normal hearts. Group 3 (n = 5) participants 
were those who survived their initial cardiac arrest but 
died during hospitalization. Two of the 5 group 3 non- 
survivors died while wearing a Holter monitor. 

Sudden cardiac arrest was defined as “death occur- 
ring without symptoms or with symptoms of less than 
one hour’s duration.”!! Sudden cardiac arrest due to 
circulatory collapse, requiring resuscitation, was estab- 
lished from the participants’ medical records. No pulse 
and the presence of ventricular fibrillation, ventricular 
tachycardia or asystole were confirmed. Participants 
were excluded if they were aged <18 years, did not 
speak English, were not able to answer questions about 
their health status, or had a cardiac arrest for reasons 
unrelated to cardiovascular causes. 

Procedure: With use of a 2-channel 24-hour electro- 
cardiographic ambulatory monitor (SpaceLabs 90201 
Holter monitor), cardiac cycle lengths (RR intervals) 
were recorded on magnetic tapes. The Holter recording 
incorporated a channel with timing information that al- 
lowed correction for variations in tape speed. The raw 
analog electrocardiographic signal was recorded on the 
Holter tape, converted to a digital signal using an ana- 
log to digital converter at 120 samples per second, and 
analyzed using the SpaceLabs FT2000 microcomputer 
with Arrhythmia Analysis Software (version 2.00.45). 
The computer system automatically detects and labels 
each QRS complex. The data files then were reviewed 
and edited by an expert cardiovascular nurse. Electro- 
cardiographic strips with RR intervals >1,800 ms or 
<250 ms were reviewed by 2 nurses to verify that RR 
intervals were calculated accurately. A running file of 
RR intervals with each beat labeled by type was record- 
ed on floppy diskettes, then loaded into a mainframe 
computer, and analyzed using SPSSX and ISP soft- 
ware. Atrial and ventricular premature complexes, the 
previous and succeeding interval around the ectopic 
beat, and artifact were excluded from the calculations 
of HR variability for time domain measures. For fre- 
quency domain measures (spectral analysis), RR inter- 
vals that were associated with sustained ectopic activity 
were excluded from the analysis, whereas isolated ec- 
topic events and the following interval were represented 
by values interpolated from nearby normal intervals us- 


ing cubic spline interpolation. One 24-hour recording of 
HR was obtained while the patient was in the coronary 
care unit. The Holter monitor was attached to the pa- 
tient as soon as possible after hospital admission (mean 
hours after cardiac arrest, 56; median, 48; range 2 to 
168). All survivors were then followed during hospital- 
ization and for 1 year to determine the outcome of the 
event and the development of further cardiovascular 
events. 

Time domain measurements: Five nonspectral 
methods of HR variability were used in this study: (1) 
global standard deviation index, the standard deviation 
of all RR intervals for 24 hours!?; (2) standard devi- 
ation index, the mean of the standard deviation of RR 
intervals for 5-minute segments!?; (3) SDANN index, 
the standard deviation of the mean of RR intervals for 
5-minute segments!4; (4) BB50 index, the mean num- 
ber of beat to beat differences in RR intervals >50 
ms/hour!>; and (5) the root-mean-square of successive 
differences of the RR intervals.!®!’ 

Frequency domain measurements: Techniques of 
power spectral analysis allow the partitioning of the ef- 
fects of sympathetic and parasympathetic influences on 
the heart rhythm and are particularly effective for iden- 
tifying respiratory sinus arrhythmia. Available power 
spectral analysis software requires that time series data 
be equidistantly sampled along a time axis, but RR in- 
terval data are intrinsically generated with a nonuni- 
form sampling time base. Accordingly, we divided RR 
interval data into 100 second blocks and then interpolat- 
ed these blocks onto a real time base using a cubic 
spline interpolation. We applied a 25th order autore- 
gressive spectral model (AR?5) to the interpolated data, 
a choice that minimized Akaike’s information criterion 
for hourly average spectra.!* Autoregressive coefficients 
were calculated using the Burg algorithm.!? The linear 
trend in interpolated values was first removed using a 
least-squares procedure.”? The spectrum was computed 
using the AR?° model and averaged over 1 hour. Hour- 
ly spectra were averaged into one 24-hour spectrum for 
each participant. 

Power spectra were quantified by the area (power) 
in 4 frequency bands: (1) Very low frequency power 
was defined as the area between 0.00 and 0.04 Hz; (2) 
low-frequency power between 0.04 and 0.15 Hz, con- 
taining both sympathetic and parasympathetic nervous 
system components; (3) high-frequency power between 
0.15 and 0.40 Hz, containing mostly parasympathetic 
nervous system components; and (4) total power be- 
tween 0.00 and 0.50 Hz.?! The ratio was calculated as 
the ratio of the low-frequency over the high-frequency 
power. 

Statistical analysis: Initial approaches to HR vari- 
ability data included arrhythmia analysis using the 
SpaceLabs FT2000 Arrhythmia Analysis computer, 
plotting the data by hour, and computing descriptive 
statistics. Outliers and potential errors in the data were 
detected and corresponding RR interval records were 
annotated. Hourly descriptive statistics were compared 
with the hourly frequency counts provided by the FT- 
2000 output for the purposes of detecting errors in ar- 
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rhythmia classification and establishing validity. Inter- 
rater agreement was 98% by 2 nurse experts who ana- 
lyzed the Holter tapes. 

The 3 groups of patients were compared with respect 
to differences in measurements of HR variability. One- 
way analysis of variance was used to compare the 
means of HR variability values across the 3 groups. 
Comparisons were made between patients with sudden 
cardiac arrest who also had acute myocardial infarction 
at the time of cardiac arrest and those who did not. 
Data are reported as mean + standard deviation and a 
p value <0.05 was considered significant. Spearman 
rank correlation coefficients?” were calculated between 
all time and frequency domain HR variability measure- 
ments and demographic variables. Because all of the in- 
dexes of spectral power were positive semidefinite, they 
were transformed on a log scale. This resulted in almost 
equal variances among groups and enabled use of analy- 
sis of variance to determine significant differences in 


spectral power across groups. 


RESULTS 

Patient characteristics (Table 1): A total of 26 per- 
sons completed all or parts of the study. Group 1 partic- 
ipants were survivors of sudden cardiac arrest (mean 
age 58.5 years, median 62, range 35 to 75). There were 
a total of 16 in the cardiac arrest survivor group: 2 
women and 14 men. Mean HR was 76.8 beats/min, 
with 9 of 16 survivors experiencing acute myocardial 
infarction at the time of their cardiac arrest. The pre- 
senting rhythm was ventricular fibrillation in 14 of 16 
survivors, with the other 2 presenting with ventricular 
tachycardia that deteriorated into ventricular fibrilla- 
tion. The average ejection fraction for cardiac arrest 
survivors was 44.6% (range of 17 to 60%). All 16 survi- 
vors were administered 1 or more antiarrhythmic medi- 
cations while wearing the Holter monitor. Of these 16, 
12 were taking class I, 2 were taking class II, 2 were 
taking class III, and 6 were taking class IV antiarrhyth- 
mic drugs. The average number of antiarrhythmic med- 
ications per person was 1.4 in this group. Nine of 16 
survivors of cardiac arrest underwent cardiac surgery, 4 
of whom had insertion of automatic implantable cardio- 
verter defibrillators. 

Group 2 normal control subjects (2 women and 3 
men age-matched to survivors of sudden cardiac arrest) 
had a mean age of 58.0 years (range 48 to 69). Control 
subjects had no prior history of heart disease, were tak- 
ing no cardiac medications, had no symptoms of cardiac 
disease and had never been evaluated for a cardiac 
problem. Ejection fraction data were not available for 
the control subjects. 

Group 3 nonsurvivors of cardiac arrest (mean age 
68.5 years [range 55 to 82]) survived initial resuscita- 
tion but then died during hospitalization. All group 3 
participants were men. One of 5 had acute myocardial 
infarction at the time of sudden cardiac death, and all 5 
presented with ventricular fibrillation. Three of the 5 
nonsurvivors were taking antiarrhythmic medications at 
the time of Holter monitoring, with 2 taking class I and 
1 taking class III antiarrhythmic medications. The aver- 


TABLE I Patient Characteristics 


Group 1 Group 2 Group 3 
Survivors Controls Nonsurvivors 
















Sample size 
Age (years) 
Sex (men/women) 
Mean HR 


Myocardial infarction 
Yes 9 0 l 
No 













Presenting rhythm 


Ventricular fibrillation 14 0 5 
Ventricular tachycardia 2 0 0 
Asystole 0 0 0 


Antiarrhythmic med. 


Class 1 12 0 2 
Class 2 2 0 0 
Class 3 2 0 1 
Class 4 6 0 0 
Total no. of med. 0 i 


Ejection fraction 





HR = heart rate; med. = medications; NA = not available. 


age number of antiarrhythmic drugs per person was 1.6 
in this group. No patient in group 3 had cardiac surgery 
or received definitive treatment for arrhythmia. The av- 
erage ejection fraction was 32.5% for this group. 

Time domain measurements (Table Il): HR variabil- 
ity was significantly different among the 3 groups, when 
measured an average of 2 days after sudden cardiac ar- 
rest. Control subjects had the highest and nonsurvivors 
the lowest HR variability, and survivors of sudden car- 
diac arrest fell between these 2 groups. Mean heart pe- 
riod was the lowest in the nonsurvivor group 3, reflect- 
ing higher resting HRs than in the other 2 groups. 
However, this difference was not statistically significant 
(p = 0.22). Little difference in mean HR period was 
noted between survivors and control subjects. 

The next 3 HR variability indexes (standard devi- 
ation of all RR intervals >24 hours, mean of the stan- 
dard deviation of RR intervals >5 minutes, and stan- 
dard deviation of mean of RR intervals >5 minutes) 
were all highly significantly different from one another 
by group, with control subjects demonstrating the high- 
est HR and nonsurvivors the lowest HR variability. The 
standard deviation of all RR intervals for 24 hours for 
the nonsurvivor group was 52.3 + 6.2 ms, reflecting a 
high probability for death based on the findings of other 
investigators.!? This same measure in control subjects 
was 155.2 + 54 ms, which is considered to be high HR 
variability,!? with survivors having HR variability in the 
middle range (78 + 25 ms). The mean of the standard 
deviation of RR intervals >5 minutes and the standard 
deviation of mean of RR intervals >5 minutes were 
highest in the control subjects (79.3 + 37.7 and 117.4 + 
57.6 ms, respectively) and lowest in the nonsurvivors 
(33.8 and 32.3 ms). These differences were significantly 
different from one another (p = 0.007 and p = 0.0006). 

The mean number of beat to beat differences in RR 
intervals >50 ms/hour and the root-mean-square of 
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TABLE II Heart Rate Variability Statistics by Group (analysis segment length: 24 hours) 


Group 1* Group 2T Group 3+ F 
(n = 16) (n = 5) (n = 5) Ratio 


680.3 + 184.1 
62.3':2.6.17 
33:8 + 15.5 
32.3 = 8.5 

1,137.2 21,174 


p Value 


022 
0.0000 
0.0076 
0.0006 
0.0811 


Mean heart period 
Standard deviation of RR intervals/24 hours 
Mean of standard deviations of RR intervals for 5-minute segments 
Standard deviation of mean of RR intervals for 5-minute segments 
Hourly mean number of beat to beat differences in RR intervals 
> 50 ms 
Root-mean-square of successive differences in RR intervals 
Very low frequency power (log units) 
Low-frequency power (log units) 
High-frequency power (log units) 
Total power (log units) 
Logarithm of ratio of low- to high-frequency power 


783.5 = 92:1 
78.0 + 25.5 
47.5 + 16.5 
57.3 + 23.6 

417.5 + 373 


804.7 + 145.9 

155.2 + 54.01 
79.3 237.7 
117.4 + 57.6 
1,165.3 £1,221 


1.62 
16.32 

6.07 
10.5 

2.81 


25.4 + 15.6 
4.1+1.0 
42+ 1.0 
3.42 1.2 
5.3 + 0.9 
0.8 + 1.0 


32.5 + 19.5 
5.32 1.1 
55+ 1.0 
42 "1.2 
6.3: 21.0 
1.2+0.7 


38.05 + 23.7 
14+1.9 
RIELA 
2:55 1.6 
3% 8 1.6 

—0.7 + 0.9 


1.06 
14.28 
14.16 

Luteo 

7.50 

5.73 


0.3642 
0.0001 
0.0001 
0.13 
0.0031 
0.0095 
*Survivors of sudden cardiac death. 


tNormal subjects. 
tNonsurvivors. 


TABLE Iil Heart Rate Variability Statistics by Group With and Without Myocardial Infarction 


(analysis segment length: 24 hours) 


Without 


Mean heart period 

Standard deviation of RR intervals/24 hours 

Mean of standard deviations of RR intervals 
for 5-minute segments 

Standard deviation of mean of RR intervals 
for 5-minute segments 

Hourly mean number of beat to beat differ- 
ences in RR intervals > 50 ms 

Root-mean-square of successive differences 
in RR intervals 

Very low frequency power (log units) 

Low-frequency power (log units) 

High-frequency power (log units) 

Total power (log units) 

Logarithm of ratio of low- to high-frequency 


With Myocardial 
Infarction 
(n = 10) 


786.9 + 96.4 
70.3 + 24.6 
41.9+ 13.4 


52.7 + 23.9 
301.4 + 216.6 
21.6 + 6.6 
4.3 + 0.6 
4.1 = O F G 
3.1+0.8 


5.2 = 0:5 
1.1 + 0.8 


Myocardial 
Infarction F 
(n= 16) Ratio 


755.7 + 143.1 
98.9 + 52.7 
56.7 + 30.0 


71.1 + 48.1 
948.5 + 962.3 
33.9 + 21.3 
3.6 + 2.2 
3.9+1.9 
3.6 + 1.6 


5.2+1.6 
0.3+1.2 


power 


successive differences were the highest in the nonsur- 
vivor group when compared with the 2 other groups. 
Very large standard deviations in these measures across 
groups were observed, even when all ectopics were re- 
moved. The survivors demonstrated the lowest indexes 
of all the groups on these measures. There were no sta- 
tistically significant differences noted between groups 
on these 2 measures. 

The last 5 measures of HR variability all relate to 
spectral power. Significant differences were found be- 
tween the 3 groups on very low frequency, low frequen- 
cy and total power, but not on high-frequency power 
(p = 0.13). There were qualitative but not statistical dif- 
ferences between the 3 groups on high-frequency power, 
with control subjects demonstrating the highest values. 
The very low, low-, and high-frequency powers were re- 
duced in the nonsurvivor group, whereas the control 
group demonstrated the highest values in these 3 areas. 
The log of the ratio of low-frequency to high-frequency 
power was significantly different across the 3 groups 
(p = 0.0095), with control subjects again demonstrating 
the highest and nonsurvivors the lowest ratio. 





HR variability measures were compared between 
patients who experienced acute myocardial infarction in 
conjunction with sudden cardiac arrest and those who 
did not (Table III). There were no statistically signifi- 
cant differences between the group with versus the 
group without myocardial infarction with regard to all 
HR variability measurements except the mean number 
of beat to beat differences in RR intervals >50 ms/ 
hour, p = 0.05. 

Relations between measurements (Table IV): 
Spearman rank correlations between all HR variability 
measurements demonstrated significant relations be- 
tween and among time and frequency domain measures 
of HR variability. However, root-mean-square of suc- 
cessive differences and mean number of beat to beat 
differences >50 ms/hour were not related to any of the 
time domain measurements, except the mean of the 
standard deviation of RR intervals for 5 minutes. Sig- 
nificant relations were noted between mean number 
of beat to beat differences >50 ms/hour, root-mean- 
square of successive differences and high-frequency 
power, all of which measure vagal tone. These same 
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TABLE IV Spearman Rank Correlations Among Heart Rate Variability Measurements for Total Group (n = 26) 


MHP SDNN SDI SDANN BB50 RMSSD VLF LF HF IP Ratio LVEF Mort. 





Mean heart period (MHP) LOOO" \0:37---0:358 0.18 0.41* 0O.59t -0.50f 0.61f 0.61t =0:07 0.07 -0.21 
Standard deviation of RR inter- 1.00 0.807 0.90T 0.18 0.28 0.81t O.88t 0.46* 0.81t 0.48* 0.50* —0.60T 
vals/24 hours (SDNN) 
Mean of standard deviations of 1:00 *" .0:55* 0.49* 0.55* 0.69ł 0.71t 0.64¢ 0.75t 0.08 0.13 -0.40* 
RR intervals for 5-minute seg- 
ments (SDI) 
Standard deviation of mean of 1:00... —0:13:.' 0.06. 0:75t '0.80t. 0.30: .0.73t 0.55f .. 0.627 —O53} 
RR intervals for 5-minute seg- 
ments (SDANN) 
Hourly mean number of beat to 100 0O.88t 0.09 0.14 0:66f 0.23 -0.51ft -—0.01 0.01 


beat differences in RR inter- 
vals > 50 ms (BB50) 


Root-mean-square of successive 100 0.25 0.28 OBET 0.40* -0.48t 0.12 0.03 
differences in RR intervals 
(RMSSD) 

Very low frequency power (log 1.00 0.95t 0.48* 0.93f 0.53t 0.05 -0.48* 
units) (VLF) 

Low-frequency power (log units) 1.00 0.54t 0.95¢ 0.56 0.30 —-—0.60T 
(LF) 

High-frequency power (log 1.00 0.64ł -0.26 0.10 -0.29 
units) (HF) 

Total power (log units) (TP) 1.00 -0.04 0.16 -—0.52t 

Log of ratio of low- to high-frequency 1.00 0.06 —0.57t 
power (Ratio) 

Left ventricular ejection fraction 1.00 -0.04 
(LVEF) 

Mortality (Mort. ) 1.00 


*p <0.05; tp <0.01. 


Controls 
SCD Survivors 
Non-survivors 


Spectral Density (dB) 


0.2 0.3 


Cycles/Second (Hz) 





FIGURE 1. A summary of power spectra of heart rate variability for the 3 groups. Top line, the summarized 24-hour spectra 
for 5 control subjects; middle line, the summarized 24-hour spectra for 16 survivors of sudden cardiac arrest; bottom line, the 
summarized 24-hour spectra for 5 nonsurvivors of sudden cardiac arrest. The small peaks at 0.48 Hz represent artifact in tape 
recorder speed. Both the nonsurvivors and survivors of sudden cardiac arrest demonstrate reductions in both low-frequency 
(0.04 to 0.15 Hz) and high-frequency (0.15 to 0.40 Hz) components of the spectrum. SCD = sudden cardiac death. 
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measurements were not related strongly to the standard 
deviation of RR intervals per 24 hours, implying that 
this measure is influenced by factors other than vagal 
tone. Very low and low-frequency power measured over 
24 hours were related to the standard deviation of RR 
intervals per 24 hours, the mean of the standard devi- 
ation of RR intervals for 5 minutes, and the standard 
deviation of the mean of RR intervals for 5-minute seg- 
ments, but not to any of the other time domain mea- 
sures. Total power was significantly related to all of the 
HR variability measurements and all measurements of 
spectral power, except mean number of beat to beat dif- 
ferences >50 ms. Left ventricular ejection fraction was 
significantly related to standard deviation of RR inter- 
vals per 24 hours and standard deviation of mean of RR 
intervals for 5-minute segments. One-year mortality 


9 Lo] ek 


oe 


Sses 





was negatively related to several of the HR variability 
measurements, with the highest correlations being with 
standard deviation of RR intervals per 24 hours and 
low-frequency power. 

Frequency domain measures (Figure 1): The power 
spectrum is highest in all frequencies in control group 2, 
lowest in nonsurvivor group 3 and intermediate in the 
survivor group 1. These differences were the largest in 
the low-frequency range (0.04 to 0.15 Hz), reflecting 
the major differences between group 3 nonsurvivors and 
the other 2 groups. However, large high-frequency com- 
ponents (0.15 to 0.40 Hz) in spectral power are not seen 
in control subjects. A lack of high-frequency (0.15 to 
0.40), low-frequency (0.04 to 0.15), and very low fre- 
quency (0.00 to 0.04) components is evident in the non- 
survivor group. The barely observable peaks at 0.48 Hz 


power (0.04 to 0.15 Hz) across the 
entire , with high-frequen- 
cy power (0.15 to 0.40 Hz) noted 
primarily from 2200 to 0500 dur- 
ing the night. Large peaks in low- 





FIGURE 3. Three-dimensional 24-hour spectrum of heart rate variability for 1 survivor of sudden cardiac arrest (no. 12) whose 
recording started at 0900. When compared with Figure 2, there is a reduction in both low- and high-frequency components in 
the heart rate spectrum, even during the nighttime hours. 
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FIGURE 4. Three-dimensional 24-hour spectrum of heart rate variability for 1 nonsurvivor of sudden cardiac arrest (no. 5) 
whose recording started at 0900. When compared with Figures 2 and 3, an absence of both low- and compo- 
nents in the heart rate spectrum are noted. The only evidence of spectral power is noted in the tiny peak at 0.20 Hz at 2400. 


in the spectra for survivors and nonsurvivors in Figure 1 
are due to a small flutter in the recorder playback appa- 
ratus. 

Individual differences in the HR spectrum over 24 
hours between selected persons in the 3 groups are 
shown in Figures 2, 3 and 4. The control subject (Figure 
2) has the largest low-frequency components (0.04 to 
0.15 Hz) in the early hours before awakening, and the 
largest high-frequency components (0.25 to 0.40 Hz) 
during the middle of the night. Both of these autonomic 
nervous system components are missing in the survivor 
and nonsurvivor of sudden cardiac arrest (Figures 3 and 
4). Absolute values in the 24-hour spectra or levels of 
low- and high-frequency components are reduced in 
both the survivor and nonsurvivor of cardiac arrest. In 
the nonsurvivor (Figure 4), almost no sympathetic or 
parasympathetic activity is present. The survivor of car- 
diac arrest (Figure 3) falls somewhere in between spec- 
tral patterns of the control subject and the nonsurvivor, 
demonstrating that high-frequency components are re- 
duced even during nighttime hours in this survivor. 


DISCUSSION 

This report compared time and frequency domain 
indexes of HR variability between normal control sub- 
jects, recent survivors and nonsurvivors of sudden car- 
diac arrest. Our data parallel the findings of other in- 
vestigators who have demonstrated reductions in HR 
variability after sudden cardiac arrest?*-*° and acute 
myocardial infarction.*°?* However, the mean number 
of beat to beat differences >50 ms was higher in non- 
survivors than survivors of cardiac arrest, and the root- 
mean-square of successive differences was higher in 
nonsurvivors than in the other 2 groups. Differences in 
high-frequency power were not statistically different be- 
tween control subjects and survivors of sudden death. 
These findings suggest that HR variability patterns may 
not be similar between sudden cardiac arrest and other 
types of heart disease, methods used for removing ec- 
topic beats (the interval before and after an ectopic beat 
was removed) were not restrictive enough, or changes in 


activity and posture produced nonstationary effects.”* 
Other authors!??325 used similar inclusion and exclu- 
sion criteria to ours, whereas others?’ have used other 
criteria in analyzing their HR variability data. Consen- 
sus on the standardization of methods for calculating 
HR variability have not yet been achieved, but would 
certainly be helpful in comparing results across various 
patient populations. 

Recent reports have demonstrated that 6 blockers 
significantly increase measures of vagal activity, where- 
as calcium channel blockers had no effect on HR vari- 
ability.2? Differences in HR variability were seen be- 
tween the 3 groups in this study despite the medication 
effects. Only 2 patients in our study were taking 6 
blockers during the data collection period, implying that 
our overall results were not attributed to medication ef- 
fects. 

HR variability was significantly related to 1-year 
mortality, the 2 best measures being low-frequency 
power and standard deviation of RR intervals per 24 
hours. The greatest differences between our groups was 
in the area of low-frequency spectral power, an indica- 
tor of both sympathetic and parasympathetic activity. 
Bigger et al?! recently reported that reductions in ultra 
low (<0.0033 Hz) and very low (0.0033 to 0.04) fre- 
quency power were predictive of mortality after myo- 
cardial infarction. Farrell et al!4 demonstrated that the 
combination of HR variability and late potentials pro- 
vided the best positive predictive accuracy for arrhyth- 
mic events after myocardial infarction. We conclude 
that HR variability is a clinically useful tool for the pre- 
diction of mortality in the first year after sudden cardi- 
ac arrest. 


REFERENCES 

1. American Heart Association. Heart Facts 1991. Dallas, Texas: American 
Heart Association, 1991. 

2. Greene HL. Sudden arrhythmic cardiac death — mechanisms, resuscitation, 
and classification: the Seattle perspective. Am J Cardiol 1990;65:4B-12B. 

3. Lown B, DeSilva RA, Lenson R. Roles of psychologic stress and autonomic 


HEART RATE VARIABILITY 447 


nervous system changes in provocation of ventricular premature complexes. Am J 
Cardiol 1978;41:979-985. 

4. Skinner JW. The role of the frontal cortex in the regulation of cardiac vulnera- 
bility to ventricular fibrillation: a neuropsychological model of Cannon’s cerebral 
defense system. J South Carol Med Assoc 1983;79:588-594. 

5. Lown B, Verrier RL, Rabinowitz SH. Neural and psychologic mechanisms and 
the problem of sudden cardiac death. Am J Cardiol 1977;39:890-901. 

6. Schwartz PJ, Vanoli E, Stramba-Badiale M, DeFerrari GM, Billman GE, 
Foreman RD. Autonomic mechanisms. New insights from analysis of barorecep- 
tor reflexes in conscious dogs with and without myocardial infarction. Circulation 
1988;78:969-979. 

7. Schwartz PJ, Stone HL, Brown AM. Effects of unilateral stellate ganglion 
blockade on arrhythmias associated with coronary occlusion. Am Heart J 
1976;92:589-599. 

8. Kolman B, Verrier RL, Lown B. The effect of vagus nerve stimulation upon 
vulnerability of the canine ventricle. Circulation 1975;52:578-585. 

9. Katona PG, Jih F. Respiratory sinus arrhythmia: Non-invasive measure of 
parasympathetic cardiac control. J Appl Physiol 1975;39:801-805. 

10. Eckberg DL. Human sinus arrhythmia as an index of vagal cardiac outflow. J 
Appl Physiol 1983;54:961-966. 

11. Cobb LA, Werner JA, Trobaugh GB. Sudden cardiac death: 1. A decade’s 
experience with out-of-hospital resuscitation. Mod Conc Cardiovasc Dis 1980;49: 
31-36. 

12. Kleiger RE, Miller JP, Bigger JT, Moss AL, the Multi-Center Post-Infarc- 
tion Research Group. Decreased heart-rate variability and its association with 
increased mortality after acute myocardial infarction. Am J Cardiol 1987;59: 
256-262. 

13. Magid NM, Martin GJ, Kehoe RF, Zheutilin TA, Eckberg DL, Myers GA, 
Barnett PS, Murray EA, Gonzales SK, Weiss JS, Lesch M, Singer DH. Dimin- 
ished heart-rate variability in sudden cardiac death (abstr). Circulation 1985; 
72(suppl part 2):II-241. 

14. Farrell TG, Yaver B, Cripps T, Malik M, Poloniecki J, Bennett D, Ward DE, 
Camm AJ. Risk stratification for arrhythmic events in postinfarction patients 
based on heart rate variability, ambulatory electrocardiographic variables, and the 
signal-averaged electrocardiogram. J Am Coll Cardiol 1991;18:687-697. 

15. Ewing D, Nielsen J, Travis P. New method for assessing cardiac parasympa- 
thetic activity using 24-hour electrocardiograms. Br Heart J 1984;52:396-402. 
16. von Neumann J, Kent RH, Bellison HR, Hart BI. The mean square succes- 


sive difference. Ann Math Stat 1941;12:153-156. 

17. Bigger JT, Albrecht P, Steinman RC, Rolnitzky LM, Fleiss JL, Cohen RJ. 
Comparison of time and frequency domain measures of cardiac parasympathetic 
activity in Holter recordings after myocardial infarction. Am J Cardiol 1989; 
64:536-538. 

18. Akaike H. Fitting autoregressive models for prediction. Ann Math Stat 
1969;29 :234-247. 

19. Burg JP. Maximum entropy spectral analysis. In: Childers DG, ed. Modern 
Spectral Analysis. New York: John Wiley: 34-48. 

20. Bendat JS, Piersol AG. Random Data: Analysis and Measurement Proce- 
dures. New York: Wiley Interscience, John Wiley, 1971. 

21. Bigger JT, Fleiss JL, Steinman RC, Rolnitzky LM, Kleiger RE, Rottman 
JN. Frequency domain measures of heart period variability and mortality after 
myocardial infarction. Circulation 1992;85:164-171. 

22. Rosner B. Fundamentals of Biostatistics. Boston, Massachusetts: Duxbury 
Press, 1986. 

23. Myers GA, Martin GJ, Magid NM, Barnett PS, Schaad JW, Weiss JS, 
Lesch M, Singer DH. Power spectral analysis of heart-rate variability in sudden 
cardiac arrest: Comparison to other methods. JEEE Trans Biomed Eng 1986;33: 
1149-1156. 

24. Martin GJ, Magid NM, Myers G, Barnett PS, Schaad JW, Weiss JS, Lesch 
M, Singer DH. Heart rate variability and sudden death secondary to coronary 
arterydisease during ambulatory electrocardiographic monitoring. Am J Cardiol 
1987;60:86-89. 

25. Singer DH, Martin GJ, Magid N, Weiss JS, Schaad JW, Kehoe R, Zheutlin 
T, Fintel DJ, Hsieh AM, Lesch M. Low heart rate variability and sudden cardiac 
death. J Electrocardiol 1988;(suppl 21):S46-S55. 

26. Webb S, Adgey A, Pantridge J. Autonomic disturbance at the onset of acute 
myocardial infarction. Br Med J 1972;3:89-92. 

27. Lombardi F, Sandrone G, Pernproner S, Sala R, Garimoldi M, Cerutti S, 
Baselli G, Pagani M, Malliani A. Heart rate variability as an index of sympatho- 
vagal interaction after acute myocardial infarction. Am J Cardiol 1987;60: 
1239-1245. 

28. Zbilut JP, Lawson L. Decreased heart rate variability in significant cardiac 
events. Crit Care Med 1988;16:64-66. 

29. Cook JR, Bigger T, Kleiger RE, Fleiss JL, Steinman RC, Rolnitzky LM. 
Effect of atenolol and diltiazem on heart period variability in normal persons. J 
Am Coll Cardiol 1991;17:480-484. 


448 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 15, 1992 


8,245 patients 362 clinical sit So 


g me e aa: 


a = 


ee 
PSPS 
-> r 


á T, 
Are t Ai Ve 


Excellent eff 


“LDL and 


LDL A, 
Cholesterol Cholesterol 


= be eee datr in 1A 


ae 
een 


g N 
S N 
o ` 
y = 
) 
P 
s \ 
w 
í 1 
J 
« s 
A 
' ' 
~ S) q 
r eee 
Pa . “ge 
b 
a à $ 
i zy 
ú d 
Te r. - 
> x J 
3 y à 
ty Vote | 
j > 
ciar.: 
‘i. 7" a 
“i > 
BET i 
. a 
d jp "i 3 4 
a 
A 
if p v 
i Ar 
A : 
. na} 
E 
i I7 
A 3 
Eo e 
v j 
Up 4 
W A 
My o] 
g é 
k . 
Tr. Re! 
f $ 
E Pi 
. 
g 7 
v pr, 
rf 


v = 
=f 
iL 


‘dosages 20 mg to 80 mg daily after 48 weeks H 
1. Bradford, R.H. et al.: Expanded clinical evaluation of lovastatin (E 


) 4 . APA EET É l pr 
Mean percent changes from baseline for | 
of treatment (n=6,582) ees 

* Triglyceride values are expressed as median changes. . 

in modifying plasma lipoproteins and adverse event profile in 8,245 pz 
_ hypercholesterolemia, Arch. Intern. Med. 151:43-49, January 1991. 


[LOVASTATIN]) 


Proven in research. Proven in practice. 


M 5S D MEVACOR is contraindicated in patients who are hypersensitive to any component of the medication; in patients 
with active liver disease or unexplained persistent transaminase elevations; in pregnant or lactating patients; and 


in women of childbearing age, except when such patients are highly unlikely to conceive. 
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MEVACOR ™ 


(LOVASTATIN) 


CONTRAINDICATIONS: Hypersensitivity to any component of this medication. 

Active liver disease or unexplained persistent elevations of serum transami- 
nases (see WARNINGS). 

Pregnancy and lactation. 
_ Atherosclerosis is a chronic process, and the discontinuation of lipid-lower- 
ing drugs during pregnancy should have little impact on the outcome of long- 
term therapy of primary hypercholesterolemia. Moreover, cholesterol and other 
products of the cholesterol biosynthesis pathway are essential components for 
fetal development, including synthesis of steroids and cell membranes 
Because of the ability of inhibitors of HMG-CoA reductase such as MEVACOR 
to decrease the synthesis of cholesterol and ay other products of the 
cholesterol biosynthesis pathway, MEVACOR may cause fetal harm when 
administered to a pregnant woman. Therefore, lovastatin is contraindicated 
during pregnancy. Lovastatin should be administered to women of childbearing 
age only when such patients are highly unlikely to conceive. If the patient 
becomes pregnant while taking this drug, lovastatin should be discontinued, 
and the patient should be apprised of the potential hazard to the fetus. 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more than 3 
times the upper limit of normal) in serum transaminases occurred in 1.9% of 
adult patients who received lovastatin for at least 1 year in early clinical trials 
(see ADVERSE REACTIONS). When the drug was interrupted or 
discontinued in these patients, the transaminase levels usually fell slowly to 
pretreatment levels. The increases usually appeared 3 to 12 months after the 
Start of therapy with lovastatin and were not associated with jaundice or other 
clinical signs or symptoms. There was no evidence of hypersensitivity. In the 
EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the full 
Prescribing Information), the incidence of marked persistent increases in 
serum transaminases over 48 weeks was 0.1% for placebo, 0.1% at 20 
mg/day, 0.9% at 40 mg/day, and 1.5% at 80 mg/day in patients on lovastatin. 
However, in post-marketing experience with MEVACOR, symptomatic liver dis- 
ease has been reported re at all dosages (see ADVERSE REACTIONS) 

It is recommended that liver function tests be performed ge. pary v 
with lovastatin. Serum transaminases, including ALT (SGPT), should be 
monitored before treatment begins, every 6 weeks during the first 3 months, 
every 8 weeks during the remainder of the first year, and periodically there- 
after (e.g., at approximately 6-month intervals). Special attention should be 
paid to patients who develop elevated serum transaminase levels, and, in these 
patients, measurements should be repeated promptly and then performed 
more frequently. If the transaminase levels show evidence of progression, par- 
ticularly if they rise to 3 times the upper limit of normal and are persistent, the 
drug should be discontinued. Liver biopsy should be considered if elevations 
are persistent beyond the discontinuation of the drug 

The drug should be used with caution in patients who consume substantial 
quantities of alcohol and/or have a past history of liver disease. Active liver dis- 
ease or unexplained transaminase elevations are contraindications to the use 
of lovastatin 

As with other lipid-lowering agents, moderate (less than 3 times the upper 
limit of normal) elevations of serum transaminases have been reported follow- 
ing therapy with MEVACOR (see ADVERSE REACTIONS). These changes 
appeared soon after initiation of therapy with MEVACOR, were often transient, 
were not accompanied by any symptoms, and interruption of treatment was 
not required 


Skeletal Muscle: Rhabdomyolysis has been associated with lovastatin ther- 
apy alone, when combined with immunosuppressive therapy including 
cyclosporine in cardiac transplant patients, and when combined in non- 
transplant patients with either gemfibrozil or lipid-lowering doses ep one! 
of nicotinic acid. Some of the affected patients had preexisting renal insuffi- 
ciency, usually as a consequence of long-standing diabetes. Acute renal 
failure from rhabdomyolysis has been seen more commonly with the lova- 
statin-gemtibrozil combination and has also been reported in transplant 
patients receiving lovastatin plus cyclosporine. 

Rhabdomyolysis with or without renal impairment has been reported in 
seriously ill patients receiving erythromycin concomitantly with lovastatin 
Therefore, patients receiving concomitant lovastatin and erythromycin should 
be carefully monitored 

Fulminant rhabdomyolysis has been seen as early as 3 weeks after initi- 
ation of combined therapy with gemfibrozil and lovastatin, but may be seen 
after several months. For these reasons, it is felt that, in most subjects who 
have had an unsatisfactory lipid response to either drug alone, the possible 
benefits of combined therapy with lovastatin and gemfibrozil do not out- 
weigh the risks of severe myopathy, rhabdomyolysis, and acute renal fail- 
ure. While it is not known whether this interaction occurs with fibrates other 
than gemfibrozil, myopathy and rhabdomyolysis have noon been 
associated with the use of other fibrates alone, including clofibrate. 
Therefore, the combined use of lovastatin with other fibrates should gener- 
ally be avoided. 

Physicians contemplating combined therapy with lovastatin and lipid- 
lowering doses of nicotinic acid or with immunosuppressive drugs should 
carefully weigh the potential benefits and risks and should carefully monitor 
patients for any signs and oe of muscle pain, tenderness, or weak- 
ness, particularly during the initial months of pene and during any lott 
ods of upward dosage tion of either drug. Periodic creatine phosphoki- 
nase (CPK) determinations may be considered in such situations, but there 
is no assurance that such monitoring will prevent the occurrence of severe 
myopathy. The monitoring of lovastatin drug and metabolite levels may be 
considered in transplant patients who are treated with immunosuppressives 
and lovastatin. 

Lovastatin therapy should be temporarily withheld or discontinued in any 
patient with an acute, serious condition suggestive of a or maai or having 
a risk factor predisposing to the development of renal failure secondary to 
rhabdomyolysis, including: severe acute infection, samt major 
surgery, trauma, severe metabolic, endocrine, and electrolyte disorders, and 
uncontrolled seizures. 

Myaigia has been associated with lovastatin therapy. Transient, mildly ele- 
vated CPK levels are commonly seen in lovastatin-treated patients. However, in 
early clinical trials, approximately 0.5% of patients developed a myopathy, i.e., 
myalgia or muscle weakness associated with markedly elevated CPK levels. In 
the EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the full 
Prescribing Information), 5 patients (0.1%) taking lovastatin alone (1 at 40 mg 
q.p.m. and 4 at 40 mg b.i.d.) developed myopathy (muscle symptoms and CPK 
levels >10 times the upper limit of saat A yopathy should be considered in 
any patient with diffuse myalgias, muscle tenderness or weakness, and/or 
marked elevation of CPK. Patients should be advised to report promptly any 
unexplained muscle ae tenderness, or weakness, particularly if accompanied 
by malaise or fever. Lovastatin therapy should be discontinued if markedly ele- 
vated CPK levels occur or myopathy is diagnosed or suspected. 

Most of the patients who have developed myopathy (including rhabdomyo- 
lysis) while taking lovastatin were receiving concomitant therapy with immuno- 
suppressive drugs, gemfibrozil, or lipid-lowering doses of nicotinic acid. In 
clinical trials, about 30% of patients on concomitant immunosuppressive ther- 
apy including cyclosporine developed myopathy, the corresponding percent- 
ages for gemfibrozil and niacin were approximately 5% and 2%, respectively, 

In 6 patients with cardiac transplants taking immunosuppressive therapy 
including cyclosporine concomitantly with lovastatin 20 mg/day, the average 
plasma level of active metabolites derived from lovastatin was elevated to 
approximately 4 times the expected levels. Because of an apparent relationship 
between increased plasma levels of active metabolites derived from lovastatin 
and nyopan, the daily — in patients gra Anata coon should 
not exceed 20 mg/day (see DOSAGE AND ADMINISTRATION). Even at this 
dosage, the benefits and risks of using lovastatin in patients taking immuno- 
suppressants should be carefully considered. 


PRECAUTIONS: General: Before instituting therapy with MEVACOR, an attempt 
should be made to control hypercholesterolemia with appropriate diet, exer- 
cise, and jaen mn reduction in obese puan, and to treat other underlying 
medical problems (see INDICATIONS AND USAGE in the full Prescribing 
Information) 

Lovastatin may elevate CPK and transaminase levels (see WARNINGS and 
ADVERSE REACTIONS). This should be considered in the differential diagnosis 
of chest pain in a patient on therapy with lovastatin 


Homozygous Familial Hypercholesterolemia: MEVACOR is less effective in 
atients with the rare homozygous familial hypercholesterolemia, possibly 
ecause these patients have no functional LDL receptors. MEVACOR appears 

to be more likely to raise serum transaminases (see ADVERSE REACTIONS) in 

these homozygous patients 


Information tor Patients: Patients should be advised to report promptly any 


unexplained muscle pain, tenderness, or weakness, particularly if accompanied 
by malaise or fever. 


Drug Interactions: Immunosuppressive Drugs, Gemfibrozil, Niacin (Nicotinic 
Acid), Erythromycin: See WARNINGS, Skeletal Muscle. 

Coumarin Anticoagulants: \n a small clinical trial in which lovastatin was 
administered to wartarin-treated patients, no effect on prothrombin time was 
detected. However, another HMG-CoA reductase inhibitor has been found 
to produce a less than 2-second increase in prothrombin time in healthy 
volunteers receiving low doses of warfarin. Also, bleeding and/or increased 
prothrombin time have been reported in a few patients taking coumarin antico- 
agulants concomitantly with lovastatin. It is recommended that in patients 
taking anticoagulants, prothrombin time be determined before starting lova- 
statin and frequently enough during early therapy to ensure that no significant 
alteration of prothrombin time occurs. Once a stable prothrombin time has 
been documented, prothrombin times can be monitored at the intervals usually 
recommended for ‘eid on coumarin anticoagulants. If the dose of lova- 
Statin is changed, the same procedure should be repeated. Lovastatin therapy 
has not been associated with bleeding or with changes in prothrombin time in 
patients not taking anticoagulants 

Antipyrine: Because lovastatin had no effect on the pharmacokinetics of 
antipyrine or its metabolites, interactions of other drugs metabolized via the 
same cytochrome isozymes are not expected. 

Propranolol: in normal volunteers, there was no clinically significant phar- 
macokinetic or pharmacodynamic interaction with concomitant administration 
of single doses of lovastatin and propranolol. 

Digoxin: in patients with hypercholesterolemia, concomitant administration 
of lovastatin and digoxin resulted in no effect on digoxin plasma concentrations. 

Other Cancomitant Therapy: Although specitic interaction studies were not 
performed, in clinical studies lovastatin was used concomitantly with beta 
blockers, calcium channel blockers, diuretics, and nonsteroidal anti-inflamma- 
tory drugs (NSAIDs) without evidence of clinically significant adverse interactions. 


Endocrine Function: HMG-CoA reductase inhibitors interfere with cholesterol 
synthesis and as such might theoretically blunt adrenal and/or gonadal steroid 
production. Results of clinical trials with drugs in this class have been incon- 
sistent with regard to drug effects on basal and reserve steroid levels 
However, clinical studies have shown that lovastatin does not reduce basal 
paoms cortisol concentration or impair adrenal reserve and does not reduce 

asal plasma testosterone concentration, Another HMG-CoA reductase 
inhibitor has been shown to reduce the plasma testosterone response to HCG. 
In the same study, the mean testosterone response to HCG was slightly but not 
significantly reduced after treatment with lovastatin 40 mg daily for 16 weeks 
in 21 men. The effects of HMG-CoA reductase inhibitors on male fertility have 
not been studied in adequate numbers of male patients. The effects, if any, on 
the pituitary-gonadal axis in premenopausal women are unknown. Patients 
treated with lovastatin who develop clinical evidence of endocrine dysfunction 
should be evaluated appropriately. Caution should also be exercised if an HMG- 
CoA reductase inhibitor or other agent used to lower cholesterol levels is 
administered to patients also receiving other drugs (e.g., ketoconazole, 
spironolactone, cimetidine) that may decrease the levels or activity of endoge- 
nous steroid hormones. 


CNS Toxicity: Lovastatin produced optic nerve degeneration (Wallerian degen- 
eration of retinogeniculate fibers) in clinically normal dogs in a dose-dependent 
fashion starting at 60 mg/kg/day, a dose that produced mean plasma ~~ lev- 
els about 30 times higher than the mean drug level in humans taking the high- 
est recommendec dose (as measured by total enzyme inhibitory activity) 
Vestibulocochlear Wallerian-like degeneration and retinal pom cell chroma- 
tolysis were also seen in dogs treated tor 14 weeks at 180 mg/kg/day, a dose 
that resulted in a mean plasma drug level (Cmax) Similar to that seen with the 60 
da H dose. 

CNS vascular lesions, characterized by perivascular hemorrhage and 
edema, mononuclear cell infiltration of perivascular spaces, perivascular fibrin 
deposits, and necrosis of small vessels, were seen in dogs treated with lova- 
statin at a dose of 180 mg/kg/day, a dose that produced plasma drug levels 
(Cmax) about 30 times higher than the mean values in humans taking 80 mg/day. 

Similar optic nerve and CNS vascular lesions have been observed with other 
drugs of this class. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: \n a 21-month carcino- 
genic study in mice, there was a Statistically significant increase in the inci- 
dence of hepatocellular carcinomas and adenomas in both males and females 
at 500 mg/kg/day. This dose produced a total plasma drug exposure 3 to 4 
times that of humans given the es ye recommended dose of lovastatin (drug 
exposure was measured as total HMG-CoA reductase inhibitory activity in 
extracted plasma). Tumor increases were not seen at 20 and 100 mg/kg/day, 
doses that produced drug exposures of 0.3 to 2 times that of humans at the 80 
mg/day dose. A statistically significant increase in pulmonary adenomas was 
seen in female mice at approximately 4 times the human drug exposure 
(Although mice were given 300 times the human dose [HD] on an mg/kg body 
weight basis, plasma levels of total inhibitory activity were only 4 times higher 
in mice than in humans given 80 mg of MEVACOR® |Lovastatin].) 

There was an increase in incidence of papilloma in the nonglandular 
mucosa of the stomach of mice beginning at exposures of 1 to 2 times that of 
humans. The glandular mucosa was not affected. The human stomach con- 
tains only glandular mucosa. 

In a 24-month carcinogenicity study in rats, there was a positive dose- 
response relationship for hepatocellular carcinogenicity in males at drug expo- 
sures 2 to 7 times that of human exposure at 80 mg/day (doses in rats were 5, 
30, and 180 mg/kg/day). 

A chemically similar drug in this class was administered to mice for 72 
weeks at 25, 100, and 400 mg/kg body weight, which resulted in mean serum 
drug levels approximately 3, 15, and 33 times higher than the mean human serum 
drug concentration (as total inhibitory activity) after a 40-mg oral dose. Liver 
carcinomas were significantly increased in high-dose females and mid- and 
high-dose males, with a maximum incidence of 90% in males. The incidence of 
adenomas of the liver was significantly increased in mid- and high-dose 
females. Drug treatment also aero increased the incidence of lung ade- 
nomas in mid- and nigh-dose males and females. Adenomas of the Hardenan 
gland (a gland of the eye of rodents) were significantly higher in high-dose 
mice than in controls. 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains of Salmonella typhimurium with or without rat or mouse 
liver metabolic activation. In addition, no evidence of damage to genetic mate- 
rial was noted in an /n vitro alkaline elution assay using rat or mouse hepato- 

es, a V-79 mammalian cell forward mutation study, an in vitro chromosome 
aberration study in CHO cells, or an in vivo chromosomal aberration assay in 
mouse bone marrow 

Drug-related testicular atrophy, decreased spermatogenesis, spermatocytic 
degeneration, and giant cell formation were seen in dogs starting at 20 
mg/kg/day. Similar findings were seen with another drug in this class. No drug- 
related effects on fertility were found in studies with lovastatin in rats. However, 
in studies with a similar drug in this class, there was decreased fertility in male 
rats treated for 34 weeks at 25 mg/kg body weight, although this effect was not 
observed in a subsequent fertility study when this same dose was administered 
for 11 weeks (the entire cycle of spermatogenesis, including epididymal matura- 
tion). In rats treated with this same reductase inhibitor at 180 mg/kg/day, semi- 
niferous tubule degeneration (necrosis and loss of spermatogenic epithelium) 
was observed. No microscopic changes were observed in the testes from rats 
of either study. The clinical significance of these findings is unclear. 


Pregnancy: Pregnancy Category X: See CONTRAINDICATIONS. 

afety in pregnant women has not been established. Lovastatin has been 
shown to produce skeletal malformations at plasma levels 40 times the human 
exposure (for mouse fetus) and 80 times the human exposure (for rat fetus) 
based on mg/m’ surface area (doses were 800 lady pata No drug-induced 
changes were seen in either — at multiples of 8 times (rat) or 4 times 
(mouse) the human exposure based on surface area. No evidence of malfor- 
mations was noted in rabbits at exposures up to 3 times the human exposure 
(dose of 15 mg/kg/day, highest tolerated dose). MEVACOR should be adminis- 
tered to women of pepsi Hanger only when such patients are highly 
unlikely to conceive and have been informed of the potential hazards. If the 
woman becomes pregnant while taking MEVACOR, it should be discontinued, 
and the patient advised again as to the potential hazards to the fetus. 


Nursing Mothers: \t is not known whether lovastatin is excreted in human milk 
Because a small amount of another drug in this class is excreted in human 
breast milk and because of the poris or serious adverse reactions in nurs- 
ing infants, women taking MEVACOR should not nurse their infants (see CON- 
TRAINDICATIONS) 


Pediatric Use: Satety and effectiveness in children and adolescents have not 
been established. Because children and adolescents are not likely to benefit 
from cholesterol lowering for at least a decade and because experience with 
this drug is limited (no studies in subjects below the age of 20 years), treat- 
ment of children with lovastatin is not recommended at this time. 


ADVERSE REACTIONS: MEVACOR® (Lovastatin) is generally well tolerated: 
adverse reactions usually have been mild and transient. Less than 1% of 
patients were discontinued from controlled clinical studies of up to 14 weeks 
due to adverse experiences attributable to MEVACOR. About 3% of patients 
were discontinued from extensions of these studies due to adverse experi- 
ences attributable to MEVACOR; about half of these patients were discontinued 
due to increases in serum transaminases. The median duration of therapy in 
these extensions was 5.2 years. 

In the EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the 
full Prescribing Information), 4.6% of the patients treated up to 48 weeks were 
discontinued due to clinical or laboratory adverse experiences that were rated 
by the investigator as possibly, probably, or definitely related to therapy with 

EVACOR. The value for the placebo group was 2.5%. 


Clinical Adverse Experiences. Adverse experiences reported in patients (%) 
treated with MEVACOR (n=613) in controlled clinical studies are: 
Gastrointestinal: constipation, 4.9; diarrhea, 5.5: dyspepsia, 3.9; flatus, 6.4; 
abdominal pain/cramps, 5.7; heartburn, 1.6; nausea, 4.7; Musculoskeletal: 
muscle cramps, 1.1; myalgia, 2.4; Nervous System/Psychiatric: dizziness, 2.0: 
headache, 9.3; Skin: rash/pruritus, 5.2; Special Senses: blurred vision, 1.5; 
dysgeusia, 0.8 


Laboratory Tests: Marked pocio increases of serum transaminases have 
been noted (see WARNINGS). 

About 11% of patients had elevations of creatine phosphokinase (CPK) 
levels of at least twice the normal value on one or more occasions. The corre- 
sponding values for the control agents were cholestyramine, 9%, and probu- 
col, 2%. This was attributable to the noncardiac fraction of CPK. Large increases 
in CPK have sometimes been reported (see WARNINGS, Skeletal Muscle). 


Expanded Clinical Evaluation of Lovastatin (EXCEL) Study: Clinical Adverse 
Experiences: MEVACOR was compared to placebo in 8,245 patients with 
hypercholesterolemia (total cholesterol 240 to 300 mg/dL [6.2-7.8 mmol/L]) in 
the randomized, double-blind, parallel, 48-week EXCEL study. Clinical adverse 
experiences reported as possibly, probably, or definitely drug related in >1% of 
any treatment group are shown in the table below. For no event was the inci- 
dence on drug and placebo statistically different. 


MEVACOR 
Placebo 20mgq.p.m. 40mgqa.p.m. 20 mg b.i.d. 40mg bid 
(n=1,663) (n=1,642) (n=1,645)  (n=1,646) = (n=1,649) 
% % % % % 


Body as a Whole 
Asthenia 
Gastrointestinal 
Abdominal pain 
Constipation 
Diarrhea 
Dyspepsia 
Flatulence 
Nausea 
Musculoskeletal 
Muscle cramps 
Myalgia 
Nervous System/ 
Psychiatric 
Dizziness 0.7 07 
Headache 27 26 
Skin 
Rash 0.7 08 
Special Senses 
Blurred vision 0.8 a 09 0.9 12 


Other clinical adverse experiences reported as possibly, probably, or defi- 
nitely drug related in 0.5 to 1% of patients in any drug-treated group are listed 
below. In all these cases, the incidence on drug and placebo was not statistical- 
y different. Body as a Whole: chest pain; Gastrointestinal: acid regurgitation, 

ry mouth, vomiting; Musculoskeletal: leg pain, shoulder pain, arthralgia; 
Nervous System/Psychiatric: insomnia, paresthesia; Skin: alopecia, pruritus; 
Special Senses: eye irritation. 


Concomitant Therapy: \n controlled clinical studies in which lovastatin was 
administered concomitantly with cholestyramine, no adverse reactions peculiar 
to this concomitant treatment were observed. The adverse reactions that 
occurred were limited to those reported previously with lovastatin 
or cholestyramine. Other lipid-lowering agents were not administered con- 
comitantly with lovastatin during controlled clinical studies. Preliminary data 
suggest that the addition of either probucol or gemfibrozil to therapy with 
lovastatin is not associated with greater reduction in LDL cholesterol than that 
achieved with lovastatin alone. In uncontrolled clinical studies, most of the 
patients who have developed myopathy were receiving concomitant therapy 
with immunosuppressive drugs. gemfibrozil, or niacin (nicotinic acid) (see 
WARNINGS, Skeletal Muscle) 


The following effects have been reported with drugs in this class: 

Skeletal: cuppa rhabdomyolysis, arthralgias. 

Neurological: dystunction of certain cranial nerves (including alteration of 
taste, impairment of extraocular movement, facial paresis), tremor, vertigo, 
memory loss, paresthesia, peripheral neuropathy, peripheral nerve palsy, anxi- 
ety, insomnia, depression. 

Hypersensitivity Reactions: an apparent hypersensitivity syndrome has been 
reported rarely that has included one or more of the following features: ana- 
phylaxis, angioedema, lupus erythematous-like syndrome, polymyaigia 
rheumatica, vasculitis, purpura, thrombocytopenia, leukopenia. hemolytic ane- 
mia, positive ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, photo- 
sensitivity, fever, chills, flushing, malaise, dyspnea, toxic epidermal necrolysis, 
erythema multiforme, including Stevens-Johnson syndrome. 

Gastrointestinal: pancreatitis, hepatitis, including chronic active hepatitis, 
cholestatic jaundice, fatty change in liver; and rarely, cirrhosis, fulminant hep- 
atic necrosis, and hepatoma; anorexia, vomiting. 

Skin: alopecia 

Reproductive: gynecomastia, loss of libido, erectile dysfunction. 

Eye: progression of cataracts (lens opacities), ophthalmoplegia. 


Laboratory Abnormalities: elevated transaminases, alkaline phosphatase, and 
bilirubin; thyroid function abnormalities. 


OVERDOSAGE: After oral administration of MEVACOR to mice, the median 
lethal dose observed was >15 g/m?. 

Five healthy human volunteers have received up to 200 mg of lovastatin as 
a single dose without clinically significant adverse experiences. A few cases of 
accidental overdosage have been reported; no patients had any specific symp- 
toms, and all patients recovered without sequelae. The maximum dose taken 
was 5 to 6 g. 

Until further experience is obtained, no specific treatment of overdosage 
with MEVACOR can be recommended. 

The dialyzability of lovastatin and its metabolites in man is not known at present. 


DOSAGE AND ADMINISTRATION: The patient should be placed on a standard 
cholesterol-lowering diet before receiving MEVACOR and should continue on 
this diet during treatment with MEVACOR. MEVACOR should be given with meals. 

The recommended starting dose is 20 na once a day given with the evening 
meal. The recommended dosing range is 20 to 80 mg/day in single or divided 
doses; the maximum recommended dose is 80 mg/day. Adjustments of dosage 
should be made at intervals of 4 weeks or more. Doses should be individual- 
ized ATN, to the patient's response (see Tables | to IV under CLINICAL 
PHARMACOLOGY, Clinical Studies in the full Prescribing Information for dose- 
response hag! 

n patients taking immunosuppressive drugs concomitantly with lovastatin 

Fr WARNINGS, Skeletal Muscle), therapy should begin with 10 mg of 

EVACOR and should not exceed 20 mg/day. 

Cholesterol! levels should be monitored poem and consideration 
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Results of Directional Atherectomy of Primary 
Atheromatous and Restenosis Lesions in 
Coronary Arteries and Saphenous Vein Grafts 


Kirk N. Garratt, MD, David R. Holmes, Jr., MD, Malcolm R. Bell, MB, BS, Peter B. Berger, MD, 
Urs P. Kaufmann, MD, John F. Bresnahan, MD, and Ronald E. Vlietstra, MB, ChB 


Directional coronary atherectomy (DCA) was per- 


formed in 158 patients over a 2-year period at the 
Mayo Clinic. Primary atheromatous lesions were 
treated in 92 patients (group 1) and restenosis le- 
sions were treated in 66 (group 2). Technical suc- 
cess (recovery of tissue and >40% luminal en- 
largement with a residual stenosis of <50%) was 
achieved in 152 lesions (92%); clinical success 
(technical success and no in-hospital death, Q- 
wave myocardial infarction or coronary bypass 
surgery) was achieved in 143 patients (91%). Ad- 
junctive balloon angioplasty was used in 41 pa- 
tients. DCA was successful less often in group 1 
than in group 2 (86 vs 97%; p = 0.038). A major 
complication occurred in 7% of patients; in-hospi- 
tal death, Q-wave myocardial infarction and emer- 
gency coronary bypass surgery occurred in 3, 1 
and 4% of patients, respectively. Major complica- 
tions were more frequent in group 1 than in group 
2 (10 vs 1; p = 0.02). During a follow-up period of 
14 + 8 months, no difference between the groups 
was found in the incidence of late death (4%), Q- 
wave myocardial infarction (1%), recurrent severe 
angina (29%), bypass surgery (15%) or repeat in- 
terventional procedure of the same vascular seg- 
ment (24%). Vein graft and restenosis lesions 
tended to have greater success and fewer compli- 
cations. Angiographic restenosis (increase of 
>30% in stenosis severity by visual assessment) 
occurred in 62% of patients and 58% of lesions 
with successful DCA, and was similar in the 2 
groups; a tendency toward higher restenosis rates 
was seen in patients with vein graft DCA. Late 
clinical events appeared to occur at rates similar 
to those reported for patients after balloon angio- 
plasty. These findings support the need for a ran- 
domized, prospective trial to compare DCA with 
balloon angioplasty. 

(Am J Cardiol 1992;70:449-454) 
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safe and effective for the treatment of vascular 

stenoses.!-3 Only limited information is avail- 
able regarding procedural success, initial outcome and 
late cardiac events in patients after DCA.*~° Such data 
are essential in establishing the use of new devices, and 
in determining the need for prospective randomized tri- 
als and realistic expectations regarding such trials. 

In this report, the early and late outcomes in patients 
undergoing DCA of primary atheromatous and resteno- 
sis lesions in native coronary arteries and saphenous 
vein bypass grafts at 1 institution are characterized. 


D irectional coronary atherectomy (DCA) appears 


METHODS 

Study patients: Patients referred to the cardiac cath- 
eterization laboratory at the Mayo Clinic between Oc- 
tober 1988 and October 1990 were considered eligible 
for DCA if they had clinical evidence of myocardial 
ischemia and a lesion reducing the lumen diameter by 
>70% in a coronary or vein graft segment that was ac- 
cessible to the DCA device.? This study was approved 
by the Mayo Clinic institutional review board, and all 
patients gave written informed consent to participate in 
the study. | 

Patient outcome data were collected from a comput- 
er-based coronary intervention registry and from hospi- 
tal records. For the purposes of this study, patients were 
divided into those undergoing DCA of primary ather- 
omatous lesions (group 1) and those undergoing DCA 
of restenosis lesions after angioplasty (group 2). 

Angiography and angiographic analysis: Bascline 
and follow-up angiography were performed using stan- 
dard Judkin’s technique.® All lesions were viewed from 
>2 near-orthogonal angles. Stenosis severity was deter- 
mined visually by the consensus of 2 experienced angi- 
ographers. 

Directional coronary atherectomy technique: DCA 
was performed using the AtheroCath™ device (DVI, 
Redwood City, California), as previously described.2> A 
5.5Fr DCA catheter was selected to achieve a final lu- 
men diameter of approximately 2.5 mm, a 6Fr device 
for a lumen diameter of approximately 3 mm, and a 
7Fr catheter for a lumen diameter of approximately 3.5 
mm. 
All patients received oral aspirin (325 mg), intra- 
venous heparin (15,000 U), sublingual nitroglycerin 
(0.4 mg) and an oral calcium antagonist (usually nifedi- 
pine) before DCA. Patients received oral aspirin (325 
mg/day) throughout the follow-up period. 

Definitions: DCA was considered technically suc- 
cessful if tissue was obtained and the lumen diameter of 
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TABLE | Baseline Characteristics of Patients Having Directional Coronary Atherectomy of 
Primary Atheromatous (group 1) or Restenosis (group 2) Lesions 


Patients treated 
Segments treated 

Men 

Mean age (yr) (range) 
Prior coronary bypass 
Prior MI 

Smoker 

Congestive heart failure 
Diabetes mellitus 
Hypertension 

Total cholesterol > 250 mg/dl 
Multivessel diseaset 
Anginal class 


Objective ischemia 
Treadmill test 
Thallium test 
MUGA 

Initial symptom 
Unstable angina 
Myocardial infarct 


60 (78%) 


63 (39-84) 


7 (9%) 
24 (31%) 
49 (64%) 
15 (20%) 

4 (5%) 
26 (34%) 
28 (36%) 
43 (56%) 


4 (5%) 
17 (22%) 
16 (21%) 
34 (35%) 


19 (25%) 
17 (22%) 
7 (9%) 


56 (73%) 
3 (4%) 


Group 1 


14 (93%) 


64 (44-76) 


15 (100%) 
10 (67%) 
9 (53%) 
3 (7%) 
3 (20%) 
8 (53%) 
4 (27%) 
13 (87%) 


0 
2 (13%) 
3 (20%) 
10 (67%) 


3 (20%) 
4 (27%) 
1 (7%) 


10 (67%) 
0 


Native 


43 (75%) 


59 (32-83) 


7 (12%) 
25 (53%) 
33 (58%) 

3 (5%) 

3 (5%) 
27 (47%) 
21 (37%) 
28 (49%) 


1 (2%) 
14 (25%) 
16 (28%) 
23 (40%) 


8 (14%) 
19 (33%) 
4 (7%) 


47 (83%) 
0 


7 (78%) 


66 (46-83) 


9 (100%) 
5 (56%) 
8 (90%) 
4 (44%) 
0 
8 (89%) 
6 (67%) 
7 (78%) 


8 (89%) 


0 
3 (33%) 
2 (22%) 


8 (89%) 
0 


*Native refers to native coronary arteries. 
tGraft refers to saphenous vein bypass grafts. 
+See text for definition. 


MI = myocardial infarction; MUGA = multiple-uptake gated radionuclide angiography. 


the treated segment was improved by 240% with a re- 
sidual stenosis of <50%. Technical success rates are 
expressed on a per-segment-treated basis. Clinical suc- 
cess (expressed on a per-patient-treated basis) required 
technical success and absence of a major complication 
(Q-wave myocardial infarction, coronary bypass sur- 
gery or death during that hospital stay).2 Other events 
resulting in additional therapy or patient morbidity 
were defined as minor complications; these included ar- 
rhythmias, hypotension needing treatment, prolonged 
angina, need for a repeat intervention during the same 
hospital stay, branch vessel occlusion or embolization, 
and arterial access site complications that needed blood 
transfusion, surgical repair or extended the hospital 
Stay. 

Angina was graded according to the Canadian Car- 
diovascular Society scheme,’ with class II-IV defined 
as severe. An abnormal exercise treadmill test, thallium 
perfusion study or radionuclide angiography was consid- 
ered objective evidence of myocardial ischemia. 

Multivessel coronary disease was considered present 
when 22 epicardial arteries or principle branch vessels 
contained lesions that reduced the luminal diameter by 
=70%. 

Restenosis was defined angiographically as an in- 
crease 230% in stenosis severity over the final post- 
DCA result. 

Follow-up: Patients returned at 3 and 6 months after 
DCA for follow-up examination. Coronary angiography 
was performed 6 months after DCA or earlier if signs 
or symptoms suggesting myocardial ischemia developed. 
After 6 months, patients either returned for follow-up 





or were contacted by telephone every 6 to 12 months 
and interviewed by a skilled data abstractor who admin- 
istered a standardized questionnaire. 

Statistical analysis: Continuous data are expressed 
as mean + SD. Continuous variables were analyzed us- 
ing Student’s ¢ test. Discrete variables were analyzed 
using a chi-square test with continuity correction when 
the number of observations was <5. Significance was 
accepted at p $0.05. 


RESULTS 

During the study period, DCA was performed in 165 
lesions in 158 patients. During this time period, approxi- 
mately 1,375 balloon angioplasties and 105 excimer la- 
ser-assisted balloon angioplasties were performed at our 
institution. DCA was performed in 92 patients with 97 
primary atheromatous lesions (group 1) and in 66 pa- 
tients with 68 restenosis lesions (group 2) that had de- 
veloped after balloon angioplasty (1 patient had prior 
excimer laser-assisted balloon angioplasty). Most pa- 
tients were referred for DCA because of accelerated an- 
gina (Table I). Saphenous vein graft lesions were treat- 
ed in 15 of 92 patients (16%) in group 1 and 9 of 66 
(14%) in group 2. 

Initial outcome (Table Il): The overall technical suc- 
cess rate for DCA was 92%; the clinical success rate 
was 91%. Adjunctive balloon angioplasty was used in 
preparation for DCA in 10 patients in group 1 and in 4 
in group 2, and was needed after DCA in 19 in group 1 
and in 8 in group 2. DCA was successful less often in 
group 1 than in group 2 (86 vs 97%; p = 0.038). This 
difference was due to a lower rate of success for DCA 
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TABLE II Immediate Outcome in Patients Having Directional Coronary Atherectomy of 
Primary Atheromatous (group 1) or Restenosis (group 2) Lesions 


Group 1 Group 2 


Graft 
n (%) 


Graftt 
n (%) 


Native 
n (%) 


Native* 
n (%) 


65 (84) 
68 (85) 


Total (%) 


14 (93) 
16 (94) 


55 (97) 
59 (100) 


9 (100) 
9 (100) 


143 (91) 
152 (92) 


Success (pts.) 
Success (segments) 
Major complications 
Death 
Q-wave MI 
Emergency CABG 
Any major complication 
Minor complications 
Prolonged angina 
Coronary spasm 
Excess blood loss 
Embolization 
Ventricular arrhythmia 
Hypotension 
Bradycardia 
Branch occlusion 
Repeat procedure 
Any minor complication 


5 (3) 
2 (1) 
6 (4) 
11 (7) 


4 (5) 1 (7) 0 
2 (3) 0 0 
4 (5) 1 (7) 1 (2) 
9 (12) 1 (7) 1 (2) 


10 (13) 2 (13) 
3 (4) 0 4(7) 
5 (7) 0 2 (4) 
1 (1) 1 (7) 0 
8 (10) 1 (7) 2 (4) 

10 (13) 1 (7) 5 (9) 
7 (9) 1 (2) 
1 (1) 1 (2) 
5 (7) 1 (2) 

23 (30) 13 (23) 

*Native refers to native coronary arteries. 

tGraft refers to saphenous vein bypass grafts. 


Complications are reported on a per—segment-treated basis and are not mutually exclusive. 
CABG = coronary artery bypass graft surgery; MI = myocardial infarction. 


2 (4) 15 (9) 
8 (5) 
7 (4) 
3 (2) 

11 (7) 

16 (10) 
8 (5) 
2 (1) 
6 (4) 

42 (27) 


4 (27) 2 (22) 


TABLE Ill Late Outcome in Patients After Successful Directional Coronary Atherectomy of 
Primary Atheromatous (group 1) or Restenosis (group 2) Lesions 


Group 1 Group 2 


Graft 
No. (%) 


Graftt 
No. (%) 


Native 
No. (%) 


Native* 


No. (%) Total (%) 


143 
14.7+7.7 
6 (4) 

2 (1) 
22 (15) 
53 (37) 
42 (29) 
St 32 


Patients followed 65 14 55 9 
Mean follow-up (mos) 140+80 141+84 15:12 7.2..9.827.3 
Death 2 (3) 1 (7) 1 (2) 2 (22) 
Q-wave MI 1 (2) 1 (7) 0 0 
Coronary bypass 7 (11) 2 (14) 10 (18) 3 (33) 
Abnormal TMET 30 (46) 6 (43) 25 (45) 2 (22) 
Severe angina 15 (23) 7 (50) 16 (29) 5 (56) 
Time to angina (mos) 5.5 23.7 59+28 4.5 + 3.0 5.1 + 1.9 
Repeat proceduret 
Same segment 
Different segment 


13 (20) 
2 (3) 


*Native refers to native coronary arteries. 

tGraft refers to saphenous vein bypass grafts. 

tRefers to percutaneous transluminal coronary angioplasty, laser-assisted angioplasty or directional coronary atherectomy. 
MI = myocardial infarction; TMET = treadmill exercise test. 


3 (25) 
2 (14) 


14 (25) 
2 (4) 


4 (44) 
1(11) 


34 (24) 
7 (5) 





of primary atheromatous lesions in native coronary 
arteries of group 1 patients (85%); saphenous vein graft 
DCA had a high success rate in both groups. Major 
complications were more frequent in group 1 than in 
group 2 (10 vs 1; p = 0.05). Minor complications oc- 
curred with equal frequency in groups 1 and 2 (27 vs 
15; p = not significant [NS]). 

in-hospital mortality: Death during initial hospital- 
ization occurred in 5 patients. Two patients died after a 
technically successful DCA (1 was confirmed to have 
occlusion of the DCA site) and 3 died after unsuccessful 
DCA (1 presented with a left main artery occlusion re- 
fractory to attempted balloon angioplasty and was un- 
dergoing cardiopulmonary resuscitation before DCA). 

Late clinical events (Table Ill): The 143 patients 
with successful DCA were followed for 15 + 8 months. 


Late events occurred in both groups with similar fre- 
quencies. There were 3 deaths in each group during fol- 
low-up. Postmortem examination was performed in 2 of 
these patients, and confirmed a cardiac cause of death 
in 1 and a noncardiac cause (small bowel infarction) in 
the other. Clinical circumstances substantiated a cardi- 
ac cause of death in 3 other patients (2 with acute myo- 
cardial infarction and 1 with progressive congestive 
heart failure), but autopsies were not performed. One 
patient died of internal injuries related to a farming ac- 
cident. 

Severe angina developed in 22 patients (28%) in 
group | and in 21 (33%) in group 2. The time between 
DCA and onset of severe angina did not differ between 
the 2 groups (168 + 103 days for group 1, and 140 + 
82 days for group 2; p = NS). During follow-up, 16 pa- 
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TABLE IV Angiographic Restenosis After Successful Directional Coronary Atherectomy 
(DCA) of Primary Atheromatous (group 1) or Post-Balloon Angioplasty Restenosis (group 2) 


Lesions 


Group 1 


Native* 
n (%) 


Follow-up angiography 
Patients 
Segments 

Restenosis after DCA 
Patients 
Segments 

Time to restenosis (mos) 


48 (74) 
51 (75) 


27 (56) 
26 (51) 
4.7+1.8 

*Native refers to native coronary arteries. 


tGrafts refers to saphenous vein bypass grafts. 
tp <0.05 native versus grafts. 


tients (24%) from group 1 and 18 (30%) from group 2 
needed further coronary intervention involving the arte- 
rial segment initially treated with DCA (p = NS). Cor- 
onary artery bypass surgery was performed in 9 patients 
(13%) from group 1 and in 13 (22%) from group 2 dur- 
ing follow-up (p = NS). 

Restenosis after direct coronary atherectomy (Ta- 
ble IV): Follow-up angiography was performed within 6 
months of DCA in 81% of patients with successful 
DCA. Angiographic restenosis after successful DCA oc- 
curred in 73 of 125 lesions (58%) and in 72 of 116 pa- 
tients (62%) studied; 36 of 61 patients (59%) in group 1 
and 36 of 55 (65%) in group 2 (p = NS) had restenosis. 
In both groups, restenosis tended to occur more fre- 
quently among patients with DCA of vein graft lesions 
than of native coronary artery lesions. Mean lesion se- 
verity at follow-up angiography was greater for vein 
graft lesions in group 2 than for other lesions, despite 
similar luminal dimensions before and immediately af- 
ter DCA (Figure 1). The mean time interval from DCA 
to documentation of restenosis was shorter for group 2 
(4.3 + 2.1 months) than group 1 (4.8 + 1.6 months). 


13 (93) 
15 (94) 


9 (69) 
10 (67) 
5.0 + 0.9 





Graftst 
n (%) 


Total (%) 


8 (89) 
8 (89) 


116 (81) 
125 (82) 


47 (86) 
51 (86) 


7 (88) 
7 (88) 
4.3 + 2.2 


72 (62) 
73 (58) 
48+1.8 


29 (62) 
30 (59) 
$33 2:1 


DISCUSSION 

The AtheroCath device was developed to broaden 
the use of catheter-based coronary intervention and to 
approach the problem of recurrent stenosis after inter- 
vention. However, actual benefits of DCA over balloon 
angioplasty are unknown. Patient enrollment in a ran- 
domized trial to compare the clinical outcome after bal- 
loon angioplasty or DCA (the Coronary Angioplasty 
Versus Excisional Atherectomy Trial [CAVEAT]) has 
begun. The present observational data are reported to 
document the current clinical experience with DCA, 
which may be helpful in determining the need for DCA 
device trials and in establishing realistic outcome expec- 
tations. 

Success rates and complications: In the first 2 years 
of use at the Mayo Clinic, DCA was technically suc- 
cessful in 92% of lesions and clinically successful in 91% 
of patients; this represents the largest reported series of 
patients treated at 1 institution. DCA was successful 
less often in patients with primary atheromatous lesions 
of native coronary arteries (85%) than in all other sub- 
groups. This is consistent with prior observations that 


Primary, coronary 
Primary, graft 


Mean luminal diameter stenosis, % 


Post-atherectomy 


Baseline 


Restenosis, coronary 
Restenosis, graft 


Follow-up 
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TABLE V Success Rates and Complications of Directional Coronary Atherectomy and 
Percutaneous Transluminal Coronary Angioplasty 


Directional 
Coronary 
Atherectomy 
Mayo 
(1988-90; 
n = 158) 


NHLBI-1 10,12 
(1977-81; 
n = 3,079) 


Success 
Death 
Infarction 
CABG 


*Q-wave myocardial infarction. 


Balloon Angioplasty 


Beth Israel?! 
(1986-87; 
n = 993) 


NHLBI-22° 
(1985-86; 
n = 1,802) 


Emory!9 
(1981-85; 
n = 3,500) 


CABG = coronary artery bypass graft surgery; NHLBI = National Heart, Lung, and Blood Institute (data from the 


Percutaneous Transluminal Coronary Angioplasty Registry). 


DCA of complex primary atheromatous coronary le- 
sions, as well as proximal vessel tortuosity and calcifica- 
tion, may be associated with a reduced likelihood of 
DCA success.® The reasons for this reduced success rate 
are not clear, but may be related to a more complex 
luminal morphology associated with unstable primary 
atheromas, resulting in greater difficulty or increased 
risk passing the DCA device across the lesion. Variabili- 
ty in success rates may also reflect a selection factor 
inherent in treating restenosis lesions that have already 
been successfully instrumented at least once before 
DCA. Similar considerations may account for the in- 
creased risk of complications when treating primary 
atheromatous lesions with DCA. Other investigators 
have found that successful DCA of primary atheroma- 
tous lesions may result in a larger cross-sectional area 
than may DCA of restenosis lesions.? 

The nature and frequency of complications appeared 
similar to those reported after DCA at other institu- 
tions. Ellis et al, reporting on results from a multicen- 
ter study, identified a 6.3% incidence of major compli- 
cations; at Beth Israel Hospital,’ a combined frequency 
of coronary bypass surgery and myocardial infarction of 
6% was observed (this included non-Q-wave infarc- 
tions). In the current study, the incidences of in-hospital 
death (3%), Q-wave myocardial infarction (1%) and 
coronary artery bypass surgery (4%) were similar to 
those reported by the first National Heart, Lung, and 
Blood Institute Percutaneous Transluminal Coronary 
Angioplasty Registry (1, 6 and 7%, respectively) for the 
early balloon angioplasty experience!°; as experience 
with balloon angioplasty broadened, complication rates 
decreased (Table V).!!-'3 We observed that complica- 
tion rates tended to be lower with increased DCA expe- 
rience: 4 of 5 deaths occurred during the first 10 months 
of device use. As with balloon angioplasty, an improving 
complication profile probably reflects improvements in 
operator skill and patient selection. However, because 
patient and procedural characteristics probably differ, 
any comparisons between balloon angioplasty and DCA 
results based on nonrandom assignment observational 
data should be considered with caution. 

Late events: The frequency of late cardiac events 
did not differ between groups 1 and 2. Of 6 late deaths, 
4 (3% of successfully treated patients) appeared related 





to cardiac disease. These event rates are similar to those 
reported after balloon angioplasty.'*+!> However, in ad- 
dition to possible patient selection bias, comparison of 
late outcome between DCA and angioplasty cohorts is 
difficult because of variable definitions, follow-up peri- 
ods and methods of outcome analysis. 

Our finding of angiographic restenosis in 72 of 116 
patients was higher than that reported by other investi- 
gators.4 DCA methodology, patient selection, method 
of analysis and definitions used may have influenced 
this result. However, this restenosis rate is similar to 
that reported by Nobuyoshi et al!6 for a varied group of 
patients 6 months after balloon angioplasty. In the 
present study group, smooth muscle cell hyperplasia af- 
ter DCA contributing to fatal myocardial ischemia was 
documented at the postmortem examination in 1 pa- 
tient!’ and may have contributed to death in 3 others. 
Thus, despite initial expectations that improved luminal 
geometry after DCA may prevent the development of 
obstructive intimal hyperplasia,'® clinically significant 
restenosis can occur after DCA. 

Study limitations: A significant limitation of obser- 
vational studies is the inability to control or account for 
differences between study cohorts when comparing 1 set 
of observational data with another. Although the data 
presented suggest DCA may compare favorably with 
balloon angioplasty, only a prospective, randomized tri- 
al can sufficiently account for such variables and pro- 
vide reliable comparative data. Furthermore, the small 
size of some subgroups in this report may result in type 
II error when subgroup comparisons are obtained. 

Quantitative coronary dimensions were obtained 
from a core angiographic laboratory for some, but not 
all, patients in this study. Although electronic measure- 
ments are almost certain to be more accurate, only visu- 
al assessment of lesion severity was available for all pa- 
tients. This may result in error in estimates of luminal 
improvement and restenosis rates. 
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Intravascular Ultrasound to Assess 
Aortocoronary Venous Bypass Grafts In Vivo 


Silvia Nase-Hueppmeier, MD, Rainer Uebis, MD, Rolf Doerr, MD, and Peter Hanrath, MD 


in 20 consecutive patients (18 men and 2 women, 
aged 42 to 72 years) undergoing repeat coronary 
angiography because of new onset of angina pec- 
toris 4 months to 11 years (mean 53 months) af- 
ter aortocoronary saphenous venous bypass oper- 
ation, the graft to the left anterior descending 
(n = 12), left circumflex (n = 4) or right coronary 
(n = 2) artery, or a diagonal branch (n = 2) was 
studied by both intravascular ultrasound and angi- 
ography. Sonographic images were obtained using 
a 4.8Fr catheter with a crystal mechanically rotat- 
ed at 900 rpm; quantitative coronary angiograms 
were recorded in biplane projections. In 18 pa- 
tients, qualitatively as well as quantitatively 
evaluable images could be recorded; no complica- 
tions occurred. The venous wall in general ap- 
peared to be homogenous; there were no separate 
layers identifiable. Simultaneous ultrasound and 
angiographic measurements were performed at a 
total of 75 sites (2 to 6 per bypass). In 4 of these 
patients (10 of 75 sites), neither intravascular ul- 
trasound nor angiography revealed any pathologic 
changes; these bypasses were classified as nor- 
mal. At the remaining 65 sites, arteriosclerotic le- 
sions were detected in each case by ultrasound, 
but at only 33 sites by angiography. Median wall 
thickness was 0.59 mm (95% confidence interval 
0.54 to 0.63) in normal grafts and 1.02 mm (0.99 
to 1.07; p <0.001) in diseased grafts. The cross- 
sectional luminal area determined by ultrasound 
correlated well with the angiographic assessment 
(r = 0.90; p <0.001), but the measured values 
were significantly higher (17 + 4 vs 14 + 4 mm?; 
p <0.001). Thus, the intravascular ultrasound in- 
vestigation of venous bypass grafts is feasible and 
safe. It has proved to be superior to angiography 
in detecting minimal arteriosclerotic lesions and 
distinguishing normal from diseased venous by- 
pass grafts. 

(Am J Cardiol 1992;70:455-458) 
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that offers for the first time the facility to visualize 

cross-sectional views of vessels resembling histo- 
pathologic preparations. In addition to angiography, 
which provides a longitudinal delineation of the inner 
contour of the vessel from certain view angles, normal 
and pathologic structures of the vascular wall itself can 
thus be described. Intravascular ultrasound may be es- 
pecially useful for studying early manifestations of arte- 
riosclerosis, when the vessel wall structure is already 
changed, but the lumen has not yet narrowed.!' In that 
case, the abnormality is not noticeable by angiography, 
whereas the intravascular ultrasound image clearly re- 
veals pathologic changes of the vessel wall. Clinical in- 
terest in the new method has concentrated on morpho- 
logic evaluations for better understanding of the acute 
and long-term results of catheter-based interventions, 
and on the possibility of analyzing early manifestations 
of vessel changes and their development by sequential 
studies.?-> 

After aortocoronary bypass operation, saphenous ve- 
nous grafts develop morphologic transformations of the 
vessel wall that are likely related to the connection of 
the vein to the arterial pressure system.®!° Because of 
the aforementioned limitation of angiography in assess- 
ing early manifestations of arteriosclerosis, changes of 
the vessel wall of perfused grafts could not be visualized 
in vivo, but are only known from postmortem investiga- 
tions. In this article, we report our first clinical experi- 
ences with intravascular ultrasound in patients after 
aortocoronary bypass surgery. In addition to evaluating 
the use of this method, our aim was to qualitatively and 
quantitatively assess normal and pathologic wall struc- 
tures of venous bypass grafts. Furthermore, the diagnos- 
tic use of intravascular ultrasound regarding the evalua- 
tion of aortic and coronary bypass anastomoses, and its 
sensitivity to detect minimal arteriosclerotic changes of 
the wall as an adjunct to conventional angiography were 
evaluated. 


[ister ultrasound is a new imaging technique 


METHODS 

Patients: A consecutive series of 20 patients (18 
men and 2 women, aged 42 to 72 years) undergoing 
repeat coronary angiography because of new onset of 
angina pectoris 4 months to 11 years (average 53 
months) after aortocoronary venous bypass operation 
were studied. After having obtained written informed 
consent, bypass grafts to the left anterior descending ar- 
tery (n = 12), left circumflex branch (n = 4), right cor- 
onary artery (n= 2) and a diagonal branch (n = 2) 
were examined by intravascular ultrasound. Because 
of the time needed for each investigation, only 1 by- 
pass/patient was studied. The concomitant medication 
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consisted of 10,000 IU of intravenous heparin and 0.2 
mg of intracoronary nitroglycerin. 

Technique: In each patient, a 9Fr guiding catheter 
and a 4.8 Fr, 20 MHz, mechanically rotating, ultra- 
sound catheter (Sonicath®, Boston Scientific™) were 
used. Sonographic images were stored on videotape 
(VHS recorder Panasonic AG 6400). Coronary angio- 
grams were recorded using simultaneous biplane projec- 
tions. Simultaneous ultrasound and angiographic mea- 
surements were performed at a total of 75 sites (2 to 
6/bypass), in which 275% of the circumference of the 
inner contour was detectable. To evaluate qualitative 
and quantitative sonographic criteria for a normal by- 
pass wall structure, the appearance of individual mural 
layers and wall thickness was documented at angio- 
graphically normal sites and in the absence of clear ec- 
centric wall changes in the ultrasound image. In addi- 
tion, sonographically pathologic changes were defined 
as wall thickening with or without plaque formation or 
localized ectasia. Furthermore, 1 independent investiga- 





vessel wall. B, example of venous bypass graft with severe 
concentric wall thickening. Arrows, thickened vessel wall with 
arterioscierotic plaque. 


tor each assessed the cross-sectional luminal area either 
by angiography or by intravascular ultrasound at identi- 
cal measuring points. For the quantitative angiographic 
evaluation, the inner luminal contour in end-diastolic 
frames was outlined by hand using an overhead projec- 
tor at a magnification of 2.5. The cross-sectional lumi- 
nal area was then calculated by an ellipsoidal formula. 
Evaluation of the ultrasound image was performed by 
direct planimetry of a representative image printout. 


RESULTS 

In 18 of 20 patients, qualitatitively as well as quanti- 
tatively evaluable images were obtained; in all, 75 by- 
pass graft sites were analyzed. In 2 cases, a sonographic 
study was not possible, because the ultrasound catheter 
could not be passed beyond a curve close to the aortic 
anastomosis. The entire study was completed without 
any complications. 

Qualitative results: When the inner luminal diame- 
ter was <2.5 mm, a differentiation between the catheter 
ring artefact, lumen and vessel wall was not possible. In 
4 of 18 patients (10 of 75 sites), neither intravascular 
ultrasound nor angiography revealed any pathologic le- 
sions. These bypass veins were classified as normal 
grafts (Figure 1A); their walls had a homogenous ap- 
pearance without any differentiation into separate lay- 
ers such as intima, media or adventitia. In the remain- 
ing 14 patients with 65 of 75 bypass sites studied, intra- 
vascular ultrasound demonstrated clear abnormalities 
at each site; however, angiography showed sclerotic 
changes in only 33 sites. In the 33 lesions identified by 
both ultrasound and angiography, the exact delineation 
of a discrete plaque and its borders was always possible 
by sonography, but in only 3 by angiography; the latter 
technique usually revealed diffuse wall irregularities (28 
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FIGURE 2. Scatter plot of wall thickness in sonographically 
normal and diseased venous bypass grafts. 
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sites). Ectatic changes were seen equally often with both 
techniques (2 sites), but were rare. Whereas the aortic 
anastomosis could be imaged by ultrasound in all 18 
patients, the coronary anastomosis could only be visual- 
ized in 11 owing to the shortness of the ultrasound cath- 
eter. Specific sonographic findings, such as intimal hy- 
perplasia at the suture site, could not be found in any 
anastomosis that was imaged. 

Quantitative results: In the 4 normal grafts, the me- 
dian wall thickness was 0.59 mm (95% confidence inter- 
val [CI] 0.54 to 0.63) (Figure 2). In 31 measuring 
points of the remaining 14 venous bypass grafts with 
clear eccentric and localized pathologic wall changes 
(Figure 1B), a sufficient circumferential delineation of 
the inner as well as the outer vessel contour was possi- 
ble. Median wall thickness at these sites measured out- 
side the lesion itself was 1.02 mm (95% CI 0.99 to 
1.07), which was significantly different from normal 
sites (p <0.001; Figure 2). 

At 55 of 75 sites (22/bypass), the luminal cross- 
sectional area was measured by ultrasound as well as 
angiography. The result was a linear relation and a cor- 
respondence of both techniques with a correlation coef- 
ficient of 0.90 (p <0.001; Figure 3). The cross-sectional 
area of the vessel measured by sonography exceeded 
that assessed by angiography (17 + 4 vs 14 + 4 mm’; p 
<0.001, paired ¢ test). 


DISCUSSION 

The data indicate that the intravascular ultrasound 
investigation of aortocoronary venous bypass grafts is 
safe and provides a high rate of analyzable pictures. 

Similar to arteries, the venous wall consists of 3 dif- 
ferent layers (intima, media and adventitia), but is 
much thinner. Because of the incomplete lamina elas- 
tica interna and a missing lamina elastica externa of 
veins, the distinction of the respective layers is less pre- 
cise. Furthermore, the media is thinner and more dis- 
persed, and contains more elastic and collagenous fibers 
than in arteries.?:!! The present study reveals the sono- 
graphic correlates of those histologic characteristics, de- 





spite the fact that a direct comparison to pathology is 
not possible in vivo and that the number of examined 
grafts is small. Sonographically normal venous bypass 
grafts showed a nearly homogenous wall structure with- 
out separate layers being distinguishable. One probable 
reason for this is that the impedance leap on a physical 
interface alone is not sufficient for its visualization by 
ultrasound. Furthermore, the single layer with a homog- 
enous impedance needs a minimum thickness to be im- 
aged. Thus for both anatomic and technical reasons, a 
visualization of the architecture of the venous wall with 
separate layers is not to be expected. This corresponds 
to the findings of various investigators from in vitro 
studies. !0-!2 

After aortocoronary bypass operation, the trans- 
planted veins develop adaptive changes due to their 
connection to the arterial pressure system. During the 
first postoperative year, a diffuse hyperplasia of the inti- 
ma with consecutive concentric luminal narrowing usu- 
ally occurs. Typical sclerotic changes appear after 12 
months at the earliest; however, they normally occur 
much later. Histologically, these changes are compara- 
ble to arteriosclerotic plaques in arteries with fibrous or 
fibromuscular proliferations. Calcified plaques occur 
less frequently and usually only after several years.6?!3 

After subdividing our patients into 2 groups with 
and without sonographic evidence of discrete localized 
arteriosclerotic changes, median wall thickness mea- 
sured apart from the lesions differed significantly (Fig- 
ure 3). Thus, eccentric sclerotic changes coincide with 
concentric thickening of the entire bypass wall, which 
probably corresponds to the intimal proliferation dem- 
onstrated in histopathologic studies. The data suggest 
that wall thickness measurements by sonography can 
be used to differentiate normal from pathologically 
changed bypass grafts. This is in agreement with the in 
vitro findings of Willard et al'*; they investigated nor- 
mal (“newly harvested”) and abnormal (“old”) bypass 
segments at surgery or autopsy and found a statistically 
significant difference in wall thickness. Even in the pres- 
ence of clear concentric wall thickening, a differentia- 
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tion of various layers by ultrasound is not possible. The 
reason may be that owing to the nature of the histo- 
pathologic changes, there is no discrete impedance leap, 
a prerequisite for sonographic distinction of different 
tissues. Whether the observed phenomena are related to 
the age of the implanted grafts remains to be deter- 
mined by larger series of investigations. 

Several in vitro!>:!® and in vivo>!7-!9 studies revealed 
a good correlation between angiographically and sono- 
graphically assessed vessel diameters and cross-sectional 
areas. Our study confirms this correlation in aortocoro- 
nary venous bypass grafts; this is in agreement with a 
very recent publication by Jain and co-workers.?? How- 
ever, the areas assessed by ultrasound were larger than 
those by angiography, probably because ultrasound of- 
ten images at oblique angles. As a result, a circular 
cross-sectional area is depicted as oval rather than 
round, and is thus overestimated. In contrast to this, 
angiography may produce an underestimation, if the se- 
lected projections do not image the minimum and maxi- 
mum diameters. The excellent correlation between ul- 
trasound and angiographic measurements (referred to 
in the literature as well as in this study) is found only 
when the lumen of the scanned vessels is wide. In high- 
grade stenoses and immediately after interventions, the 
correlation between sonographically and angiographi- 
cally assessed cross-sectional areas is usually much 
worse. 
Intravascular ultrasound studies in peripheral and 
coronary arteries have shown a higher sensitivity for so- 
nography than for angiography in diagnosing changes 
of the vessel wall, especially in early manifestations of 
arteriosclerosis.5!7-18.21.22 Likewise, in 50% of patients 
with sonographically proven pathologic alterations of 
their bypass grafts, the angiogram did not reveal any 
abnormality. Furthermore, intravascular ultrasound ap- 
peared to be superior to angiography regarding the de- 
tection and differentiation of arteriosclerotic plaques. 
To date, questions concerning the potential clinical rele- 
vance and consequences of these findings cannot be an- 
swered. Therapeutic decisions based on sonographic 
findings cannot be made with certainty. However, our 
study provides additional information concerning scle- 
rotic changes of venous bypass grafts and follow-up of 
patients with coronary heart disease. Thus, the main in- 
terest in the new method should focus on serial long- 
term assessment of arteriosclerosis. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Ventricular Tachycardia in Chagas’ Disease 


Alberto G. Giniger, MD, Enrique O. Retyk, MD, Ruben A. Laifio, MD, 
Estrella G. Sananes, MD, and Alberto R. Lapuente, MD 


This study examined the usefulness of the electro- 
physiologic approach for selecting antiarrhythmic 
drug therapy to improve survival in patients with 
ventricular tachycardia (VT) and Chagas’ disease. 
A total of 71 consecutive chagasic patients under- 
going treatment and evaluation of VT were ana- 
lyzed. Programmed electrical stimulation (PES) 
was performed in 45 patients, sustained VT was 
induced in 18 of these 45 (40%); nonsustained VT 
was induced in 17 (38%), and in 10 patients 
(22%) VT was not induced at all. An average of 3 
drugs per patient were tested, including mexile- 
tine, flecainide and propafenone. At least 1 effec- 
tive drug preventing VT induction was identified in 
13 of 18 patients with induced sustained VT, 
whose outcome resulted in 2 nonsudden but cardi- 
ac deaths (15%). Eight patients received no drug 
therapy because the induced arrhythmia was 
asymptomatic nonsustained VT; none of these 
died. The remaining 24 patients from the PES 
group were empirically treated with amiodarone; 
7 died (4 suddenly) during follow-up (29%). 

A group of 26 patients (non-PES group) did not 
undergo electrophysiologic evaluation. In these pa- 
tients, the therapy chosen was amiodarone alone 
or associated with mexiletine, and the incidence of 
death was 7 of 26 patients (27%), 3 suddenly (p 
<0.05 at 10-year survival and p = not significant 
at 5-year survival). 

it is concluded that the electrophysiologic ap- 
proach improves survival in this study population, 
but only 29% were eligible for guided therapy. 
This group did not receive the possible benefit of 
amiodarone, and costs and efforts to select these 
patients, and 5-year statistical rates suggest that 
amiodarone may be a most appropriate first- 
choice therapy and that electrophysiologic-guided 
therapy may be useful as a second choice for pa- 
tients unsuccessfully treated with amiodarone. 

(Am J Cardiol 1992;70:459-462) 
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cardiac death among patients with chronic cha- 

gasic myocarditis! Although most deaths in 
young adults are mainly associated with coronary heart 
disease in developed countries,* Chagas’ disease is the 
most frequent cause of death in many endemic areas of 
the world.*> 

South Americans with Chagas’ disease are estimat- 
ed at 10 to 20 million, with 23 to 30% at risk of develop- 
ing clinical disease.’ A 10-year mortality has been re- 
ported in 36%,8 and the reported incidence of sudden 
death is 17.6% of all chagasic deaths.” The most accept- 
ed criteria is that patients prone to sudden death are 
those who have major alterations in cardiac function, 
severe conduction disturbances and frequent episodes of 
malignant ventricular arrhythmias or syncope. Follow- 
up of these patients is limited by technical difficulties, 
particularly because most of them are living in rural 
areas, where long-term therapy is not always possible to 
achieve. Conventional therapy, similar to that for con- 
gestive heart failure, is useful for improving symptoms, 
but whether such therapy prolongs survival is unknown. 
The development of antiarrhythmic drugs such as mex- 
iletine and amiodarone which seem to be useful in the 
treatment of ventricular arrhythmias in Chagas’ disease 
proved to be a very important contribution.'°'! 

The role of programmed electrical stimulation 
(PES) in cardiomyopathy is still undefined.'? In 1986, 
Mendoza et al!? reported their experience with sus- 
tained ventricular tachycardia (VT) in chronic chagasic 
myocarditis in which the arrhythmia could be reprodu- 
cibly initiated in 11 of 15 patients by PES. Over the last 
15 years we have been using PES as a guide to select 
antiarrhythmic therapy for patients with Chagas’ dis- 
ease. This study tests whether the electophysiologic ap- 
proach can significantly improve survival and identify 
clinical predictors in this selected population. 


Versace arrhythmia is a major cause of sudden 


METHODS 

Nonsustained VT is any VT lasting 23 beats (when 
occurring spontaneously) or =5 beats (when induced by 
PES), and terminating spontaneously within 30 seconds. 

Sustained VT is any VT lasting 230 seconds, or VT 
requiring early termination because of hemodynamic 
compromise or degeneration in ventricular fibrillation. 

Study group: Retrospective analysis was performed 
in 71 consecutive patients with Chagas’ disease (37 men 
and 34 women age range 23 to 74 years [mean 53]) 
referred to our service for evaluation and treatment of 
VT. Patients were followed up for 178 months (mean 
56), from February 1976 to December 1990. All pa- 
tients with positive specific serologic tests for Chagas’ 
disease underwent physical examination, electrocardiog- 
raphy and chest x-ray examination. The left ventricle 
and diastolic diameter were measured by bidimensional 
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TABLE I Programmed Electrophysiologic Study Group Results 


No. of Spont. Induced 
Pts. VT VT 





Subgroup Therapy of Choice 






Guided: at least 1 effec- 
tive drug could be 
identified 

Empiric: no effective 
drug could be identi- 
fied 

Guided: effective drug 
could be identified 

Without drugs: no drug 
therapy was required 
in this group 

Empiric: drug therapy 
was required because 
of symptomatic in- 
duced NSVT 

(—)or NSVT Empiric: false-negative 







SVT SVT 








NSVT SVT 






NSVT (—)or NSVT 






NSVT (—)or NSVT 








F 10 SVT 


NSVT = nonsustained ventricular tachycardia; Spont. = spontaneous; SVT = 
sustained ventricular tachycardia; VT = ventricular tachycardia. 













echocardiography in 44 patients. Serial electrophysio- 
logic testing was performed in 45 patients to evaluate 
the efficacy of antiarrhythmic drug therapy. The PES 
group consisted of 27 patients with spontaneous docu- 
mented sustained VT and 18 patients with spontaneous 
nonsustained VT. Of the remaining 26 patients, 9 had 
documented spontaneous sustained VT and 17 sponta- 
neous nonsustained VT. The non-PES group was em- 
pirically treated with amiodarone alone or with mexile- 
tine. 

Both groups were similar with regard to age, sex, 
incidence of bundle branch block and left ventricular 
end-diastolic diameter; 21 patients from the PES group 
and 11 from the non-PES group were followed up for 
>5 years (47 and 42%, respectively). Patients with 
acute myocarditis or signs of acute Chagas’ reinfection 
were excluded from this study. 

study protocol: After giving in- 
formed written consent, every patient in the PES group 
underwent electrophysiologic study in the nonsedated 
postabsorptive state. A total of 94 electrophysiologic 
studies were performed, 45 under baseline conditions 
(without drugs) and 49 with antiarrhythmic drug thera- 
py. Antiarrhythmic drugs were discontinued for 25 
half-lives of the respective drug before the baseline 
study. With amiodarone therapy, the withdrawal time 
was 1 month. Multipolar electrode catheters were posi- 
tioned in the high right atrium, across the tricuspid 
valve in the region of the His bundle, in the right ventri- 
cle, and in the coronary sinus in some patients.!4 Re- 
cordings of the left atrium were obtained from all pa- 
tients by introducing a bipolar Medtronic 5818 elec- 
trode catheter in the esophagus. Bipolar intracardiac 
electrograms, esophageal recordings and surface elec- 
trocardiographic leads I, II and V; were simultaneously 
displayed on a Sanborn 350 M polygraph and registered 
on a Hewlett-Packard recorder and a Siemens Mingo- 
graph inscriptor. 

Stimulation was performed with a Medtronic 5325 
programmable stimulator. The following pacing proto- 
cols were used to induce VT!5: (1) premature atrial 


stimulation with 1 and 2 extrastimuli during sinus 
rhythm and during atrial pacing at a cycle length 
(S,S;) of 600, 500 and 400 ms until the effective refrac- 
tory period of atrium was attained (the first extrastimu- 
lus (S2) was set 20 ms longer than the refractory period, 
and the second extrastimulus (S3) was given with pro- 
gressively shorter S2S3 intervals); (2) atrial pacing at 
progressively faster rates until atrioventricular block oc- 
curred or patient became symptomatic; (3) premature 
ventricular stimulation with 1 and 2 extrastimuli during 
ventricular pacing at 600, 500 and 400 ms, until the 
effective refractory period of the ventricle was reached; 
and (4) ventricular burst pacing with 8 complexes at a 
rate of 200 beats/min. If VT was not induced at the 
first ventricular site, usually the apex, the ventricular 
pacing protocol was repeated at the outflow tract. 

Antiarrhythmic drug therapy protocol: GROUP WITH 
PROGRAMMED ELECTRICAL STIMULATION: Patients with 
spontaneous sustained VT and nonsustained VT under- 
went serial electrophysiologic drug testing according to 
their response to the baseline electrophysiologic study 
(see Table I). 

Drug testing that was considered successful was at 
least 1 effective drug preventing sustained VT. Drug 
testing considered unsuccessful was no effective drug 
identified by means of PES. False-negative patients 
were those with spontaneous sustained VT in whom ar- 
rhythmia could not be reproduced by PES. These pa- 
tients received empiric drug therapy with amiodarone 
alone or with mexiletine or flecainide. 

Patients whose induced arrhythmia was either very 
frequent runs of nonsustained VT or symptomatic non- 
sustained VT also received empiric therapy with amio- 
darone. Patients with positive responses received the 
first oral antiarrhythmic drug for 4 days and then PES 
was repeated in order to test drug efficacy. 

Antiarrhythmic drugs (range 1 to 4) were tested ac- 
cording to tolerance or cardiac function (averaging 3 
drugs per patient). Oral dosage regimens were adminis- 
tered as follows: flecainide 400 mg/day, mexiletine 800 
mg/day and propafenone 900 mg/day. If no effective 
drug could be identified, drug therapy was empirically 
changed to amiodarone alone or, if there was recurrence 
of VT, with mexiletine. 

GROUP WITH NONPROGRAMMED ELECTRICAL STIMULA- 
TION: None of the patients in the non-PES group under- 
went electrophysiologic studies. The therapy chosen was 
initially amiodarone 400 to 800 mg/day, and then 
maintenance doses of 400 mg/day. If this approach was 
not successful (recurrence of spontaneous VT), then 
amiodarone was administered with mexiletine. 

Statistical analysis: Arithmetic mean, standard de- 
viation and nonpaired f test were calculated for continu- 
ous variables. Kaplan-Meier survival tables (actuarial 
analysis) were constructed to compare each group. Sur- 
vival rates were compared by means of a chi-square 
test. A p value <0.05 was considered statistically signif- 
icant. 


RESULTS 
Seventy-one patients met criteria for inclusion in this 
study. Forty-five of them were assigned to the PES and 
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26 to the non-PES groups. The incidence of bundle 
branch block in the total population was seen in 41 of 
71 patients (57%), and the distribution was as follows: 
right bundle branch block, 33 patients (46%); left bun- 
dle branch block, 4 patients (6%); left anterior hemi- 
block, 4 patients (6%); and right bundle branch block + 
left anterior hemiblock, 23 patients (32%). No signifi- 
cant difference in these parameters between both 
groups was found. 

The analysis of the bidimensional echocardiograms 
recorded in 44 of the total patient population showed 
that 25 (57%) had abnormal apical wall motion. In this 
subgroup of patients, 17 of 25 (68%) had previous spon- 
taneous sustained VT, and 8 of 25 (32%) had previous 
spontaneous nonsustained VT (p <0.05). 

During the baseline electrophysiologic study, PES 
induced sustained VT in 18 patients (40%), nonsus- 
tained VT in 17 (38%) and no VT in 10 (22%). The 
distribution of induced VT according to the previous 
spontaneous arrhythmia, and the therapy given to each 
patient are listed in Table I. The 18 patients with in- 
duced sustained VT in the baseline study underwent a 
total of 49 serial drug tests, averaging 3 drugs tested per 
patient. At least 1 drug was effective in 15 patients, 2 of 
whom had recurrences of VT during the first year of 
treatment. Then, PES-guided therapy for these 18 pa- 
tients was performed as follows: 13 patients received se- 
lected class I drug therapy (propafenone in 7, flecainide 
in 4 and mexiletine in 2) and 5 patients whose serial 
drug testing was unsuccessful were given amiodarone 
therapy. Finally 8 patients received no drugs because of 
isolated and asymptomatic nonsustained VT. 

Amiodarone therapy was administered to 24 pa- 
tients: 10 without inducible VT, 9 with induced symp- 
tomatic nonsustained VT, and 5 unsuccessful serial 
drug tests in which no effective drug could be identified 
(Figure 1). Thus, in the PES group, 13 of 45 patients 
(29%) underwent PES-guided therapy, 24 (53%) re- 
ceived amiodarone therapy, and 8 patients (18%) had 
no drug treatment. Overall mortality in the study popu- 
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lation was 16 of 71 patients (22.5%), 9 of 45 from the 
PES group (20%) and 7 of 26 from the non-PES group 
(27%). The outcome according to treatment allocation 
is as follows (Figure 2): 2 of 13 patients (15%) under 
PES-guided therapy received propafenone (1 developed 
asistolia and the other cerebral stroke [groups A and B, 
Table I]); none of 5 patients with empiric therapy from 
unsuccessful serial drug tests died (group B, Table I); 4 
of 10 patients (40%) with noninducible sustained VT 
receiving amiodarone therapy died — 2 sudden deaths, 
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1 cardiac heart failure and 1 pulmonary embolism 
(group F, Table I); none of 8 asymptomatic patients 
with infrequent episodes of nonsustained VT without 
antiarrhythmic drugs died (group D, Table I); and 3 of 
9 patients (33%) with frequent and symptomatic epi- 
sodes of nonsustained VT receiving empiric therapy 
died — 1 end-stage heart failure, 1 accidental death and 
1 unknown cause (group E, Table I). 

Within the non-PES group, 7 of 26 patients (27%) 
died: 4 of 9 (44%) with previous spontaneous sustained 
VT and 3 of 17 (18%) with previous spontaneous non- 
sustained VT. Three died suddenly, 1 died of refractory 
heart failure, and the remaining 3 died of unknown 
causes. All of them underwent empiric therapy with 
amiodarone; 3 patients took this drug with mexiletine. 

In 2 patients, antiarrhythmic drug therapy was com- 
plemented by implanted cardiac pacemakers. 


DISCUSSION 

There are few reports about different strategies to 
improve the natural evolution of Chagas’ cardiomyopa- 
thy. This may be due to the low social level of the cha- 
gasic population or limited economic resources for re- 
search in underdeveloped countries, or both. However, 
the fact is that a great number of subjects are exposed 
and up to 30% of them may be infected in endemic 
areas of South America.®’ In our country, Chagas’ dis- 
ease is estimated to affect 5.8 to 10% of the population, 
i.e., about 2 to 3 million people.'® Patients with dilated 
myocardiopathy and congestive heart failure have mor- 
tality rates as high as 50% in the first year, with a 44% 
incidence of sudden death.!’ 

In a prospective study of 74 patients with dilated 
myocardiopathy followed from 2 to 21 months, the 
overall mortality rate was 26%, and the cause of death 
was congestive heart failure in 37% and sudden death in 
63%.'® The sample analyzed in the present report was 
precisely based on 71 chagasic patients with VT or syn- 
cope. We wanted to determine if PES-guided therapy 
could derive some benefit for the outcome of these high- 
risk patients. During the baseline electrophysiologic 
study, sustained VT could be induced in 17 of 27 pa- 
tients with previous spontaneous sustained VT. This 
represents approximately 63% of inducibility, similar to 
that found in other myocardiopathies.!2 To select anti- 
arrhythmic drug therapy, serial drug tests were per- 
formed on 17 patients with inducible sustained VT. In 
this subgroup, an effective drug preventing sustained in- 
duction of VT was found in 13 patients (74%). In fact, 
only 13 of 45 patients (29%) with sustained VT referred 
for PES were elegible for guided therapy. 

We found more sustained VT in patients with abnor- 
mal apical wall motion. In this subgroup of patients, 
68% had previous sustained and 32% had previous non- 
sustained VT (p <0.05). 

The electrophysiologic approach proved to be of help 
in improving mortality rates. In fact, in the subgroup of 
13 patients with PES-guided therapy, 2 patients died 
nonsuddenly (15%), and in patients with sustained VT 
in the non-PES group, mortality was 44% (3 sudden 
deaths) (p <0.05 at 10 years but p = not significant at 


5). However, only 29% were elegible for guided therapy 
and this group derive any benefit from amiodarone. Fi- 
nally, the high cost of these studies and the efforts to 
select these patients are so important that we believe 
that amiodarone may be a most appropriate first choice 
therapy. However, because this drug has considerable 
adverse effects, and recurrences of VT are not infre- 
quent with this medication, it is recommended for all 
patients. Electrophysiologic-guided therapy may be use- 
ful as a second choice in these patients. 

We believe that a prospective study is required to 
evaluate the outcome achieved through this approach 
by testing new drugs other than class I drugs. PES- 
guided therapy may be a convenient choice in case of 
intolerance to amiodarone or recurrences of VT after 
completed therapy with this drug. 
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Termination of Atrial Flutter 
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Atrial overdrive pacing has been successfully used 


to terminate atrial flutter. This study compared 
the efficacy of atrial extrastimuli following a rapid 
pacing train to overdrive pacing without atrial ex- 
trastimuli for the termination of atrial flutter. Pa- 
tients were randomized to treatments of short or 
long burst atrial overdrive pacing or atrial over- 
drive pacing followed by atrial extrastimuli in a 
crossover study design. A total of 22 patients 
(73%) had successful conversion of atrial flutter 
to sinus rhythm. The success rates in patients ex- 
posed to each therapy, including crossover thera- 
pies, were 62% with the atrial extrastimuli meth- 
od, 8% with the short burst pacing method, and 
8% with the long burst pacing method (p <0.001). 
Transient atrial fibrillation developed in 15 pa- 
tients and in 9 of these this arrhythmia preceded 
conversion to sinus rhythm. Sustained atrial fibril- 
lation was induced in 3 additional patients but 
never with the atrial extrastimuli method. In con- 
clusion, the method of delivering atrial extrastimu- 
li after a rapid pacing train is highly efficacious 
for the termination of atrial flutter. Furthermore, 
this method is more effective than atrial overdrive 
pacing methods delivered at the same pacing cycle 
length. These observations have important impli- 
cations for the programming of antitachycardia 
pacemakers. 

(Am J Cardiol 1992;70:463-467) 
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ecent studies have shown that the mechanism of 
atrial flutter is intraatrial reentry.'~* The ability 
to entrain and terminate atrial flutter with rapid 
atrial pacing is probably the result of penetrating the 
excitable gap of this reentrant circuit.°.° Therefore, in- 
troduction of appropriately timed atrial extrastimuli 
during atrial flutter should successfully interrupt the re- 
entrant wave front and cause termination of the ar- 
rhythmia. However previous attempts to terminate atri- 
al flutter with premature atrial beats coupled to sponta- 
neous atrial rhythm have been unsuccessful.®’ It is well 
known that the introduction of ventricular extrastimuli 
following a rapid ventricular pacing train is frequently 
effective in the termination of ventricular tachycardia.® 
Although atrial overdrive pacing has been reported to 
be highly efficacious in terminating atrial flutter,’?"'® 
the use of rapid atrial pacing with extrastimuli for ter- 
minating atrial flutter has not been evaluated previous- 
ly. Accordingly, the purpose of this study was to com- 
pare the efficacy of atrial pacing without extrastimuli to 
that with extrastimuli for the termination of atrial flut- 
ter using a randomized crossover study design. 






METHODS 

Study patients: The study group consisted of 30 pa- 
tients with spontaneous drug-resistant atrial flutter. 
There were 17 men and 13 women (mean age 62 + 15 
years). Fifteen patients had a history of at least 1 other 
episode of spontaneous atrial flutter. When atrial flutter 
was diagnosed, patients were admitted to the hospital to 
undergo a trial of medical cardioversion with antiar- 
rhythmic drugs. When antiarrhythmic drug therapy 
was unsuccessful, patients proceeded to a transvenous 
catheter electrophysiologic study. At the time of study 
28 patients continued to receive antiarrhythmic drug 
therapy. Patients had undergone a mean 1 + 1 drug 
trials before this intervention. 

Electrophysiologic study: All patients gave informed 
written consent for the electrophysiologic study which 
was performed in the nonsedated, postabsorptive state. 
Under local anesthesia, a quadripolar catheter was per- 
cutaneously introduced into either the right internal 
jugular or femoral vein. The catheter was then ad- 
vanced under fluoroscopy to the right atrium for atrial 
sensing, pacing and programmed stimulation. Atrial 
stimulation was initially performed at the high right 
atrium. A site in the atrial appendage was used when 
the atrial pacing threshold at the high right atrium was 
unsatisfactory or when termination of atrial flutter was 
unsuccessful following completion of the pacing proto- 
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TABLE I Clinical Characteristics 


Short 
Burst 


Long 
Burst 


AiA2A3 


No. of patients 10 10 10 
Age (years) a7 TE 62 + 16 68 +9 
Men 5 8 4 
No. of drug trials rs} lea 2+1 
History of atrial flutter 4 7 4 
Left atrial size (mm)* 38+ 5 42+5 51. 7T 
Flutter cycle length (ms) 260+45 305+44 248 + 26t 
Pacing episodes 50 + 34 51 +37 44 + 36 
Heart disease 
None 3 
Coronary artery disease l 
Cardiomyopathy 3 
Valvular heart disease 2 
Congenital heart disease 1 
Antiarrhythmic drugs 
Class IA 
Class IC 
Class III 
*Data available for 4 patients treated with short bursts, 8 patients treated with long 
bursts and 9 treated with A) A2A3 pacing. 
tp <0.01 compared to short burst; $p <0.01 compared to long burst. 
AiA2A3 = atrial extrastimuli method; pacing episodes = number of applications of 
pacing delivered. 


col at the high right atrium. Surface electrocardio- 
graphic leads I, AVF, V\, Ve and the bipolar atrial elec- 
trogram (bandpass filtered 40 to 500 Hz) were simulta- 
neously monitored on an oscillographic recorder using a 
paper speed of 100 mm/s. Bipolar stimuli of 2 ms dura- 
tion and pacing current 2 to 3 times threshold were used 
for atrial stimulation. 

Patients were randomized to begin treatment with 1 
of 3 pacing therapies in a crossover study design. The 
pacing therapies included short and long burst atrial 
overdrive pacing and atrial overdrive pacing followed by 
atrial extrastimuli. Atrial overdrive pacing was per- 
formed at an initial pacing cycle length 20 ms shorter 
than the spontaneous atrial flutter cycle length. Short 
burst atrial overdrive pacing was a 20-beat pacing train 
repeated 10 times at the same cycle length. Long burst 
atrial overdrive pacing was performed for 1 minute and 
repeated 5 times at the same cycle length. Atrial over- 
drive pacing followed by atrial extrastimuli was an 18- 


p < 0.001 
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FIGURE 1. Proportion of patients successfully converted to si- 
nus rhythm according to exposure to the 3 pacing methods. 
A1A2A3 = atrial extrastimuli method. 
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beat pacing train (A;) followed by 2 atrial premature 
extrastimuli (A2,A3) i.e., the same number of beats as 
in the short burst train. The AA, and A>A; intervals 
were set 10 ms shorter than the drive train and progres- 
sively decreased by 10 ms until refractoriness was 
reached. When all 3 therapies had been completed un- 
successfully at the initial atrial overdrive pacing cycle 
length, the cycle length was decreased by 10 ms and the 
entire sequence was repeated. The protocol was repeat- 
ed until successful termination of atrial flutter or sus- 
tained atrial fibrillation was induced or 1:1 atrial cap- 
ture could no longer be achieved. The procedure was 
considered successful when atrial flutter was converted 
to sinus rhythm. When atrial flutter could not be termi- 
nated or if sustained atrial fibrillation (>30 minutes) 
occurred, the procedure was considered unsuccessful. 

Data analysis: Continuous data are presented as 
mean + 1 SD. Two-way analysis of variance with the 
Neuman-Keuls test for multiple comparisons were used 
to test for differences between the 3 pacing groups. 
When necessary, logarithmic transformations were done 
to obtain normal distribution of continuous data. Differ- 
ences between groups in proportional data were tested 
using the chi-square test. A 2-tailed p value <0.05 was 
considered statistically significant. 


RESULTS 

The 30 patients participating in this study were ran- 
domized into the 3 treatment groups. The clinical char- 
acteristics of the patients in each group are listed in Ta- 
ble I. Ten patients were randomized to receive initial 
pacing therapy with each of short burst, long burst and 
atrial extrastimuli. The atrial flutter cycle length was 
significantly longer in patients randomized to receive 
long burst therapy first than it was in patients random- 
ized to receive atrial extrastimuli first (p <0.01). Left 
atrial size was significantly larger in the atrial extra- 
stimuli group than in the short burst group (p <0.01). 
The patients in the 3 groups did not differ with respect 
to the number of previous episodes of spontaneous atrial 
flutter, the type of underlying structural heart disease or 
the type of antiarrhythmic drug therapy. 

Termination of atrial flutter: Overall, pacing thera- 
pies successfully converted atrial flutter to sinus rhythm 
in 22 patients (73%); sustained atrial fibrillation was in- 
duced in 3 patients (10%) and atrial flutter persisted in 
the remaining 5 patients (17%). Atrial flutter was suc- 
cessfully terminated by the initial series of the first pac- 
ing method in 1, 0 and 5 patients randomized to the 
short burst, long burst and atrial extrastimuli methods, 
respectively (p = 0.01). These patients did not experi- 
ence the alternative pacing methods. 

The success rates of termination of atrial flutter for 
the 3 pacing therapies are shown in Figure 1. The atrial 
extrastimuli method successfully converted atrial flutter 
to sinus rhythm in a significantly greater number of pa- 
tients (62%) compared with the short burst (8%) or long 
burst (18%, p <0.001) pacing method. The pacing train 
cycle length of the successful therapy was significantly 
longer in the atrial extrastimuli group compared with 
the short and long burst groups (243 + 46 vs 183 + 5 
ms, p <0.001). This difference persisted when the pac- 
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ing train cycle length was expressed as a percentage of 
the atrial flutter cycle length (87 + 7% vs 75 + 5%, p 
<0.01). An example of conversion of atrial flutter to 
sinus rhythm using the extrastimuli method is shown in 
Figure 2. 

Pacing-induced arrhythmias: The arrhythmias ob- 
served during these pacing protocols are listed in Table 
Il. A total of 15 patients developed transient atrial fi- 
brillation. In 12 patients, this arrhythmia occurred dur- 
ing the introduction of atrial extrastimuli. In 9 of these 
12 patients (75%), transient atrial fibrillation (lasting 1 
to 9 seconds) immediately preceded conversion to sinus 
rhythm. The remaining 6 patients reverted to atrial flut- 
ter from their episode of transient atrial fibrillation. An 
example of transient atrial fibrillation following atrial 
extrastimulation and preceding conversion to sinus 
rhythm is shown in Figure 3. 

Sustained atrial fibrillation developed in 3 patients 
during the burst pacing protocols. The cycle length of 
the long burst that initiated sustained atrial fibrillation 
was 190 ms and those of the short bursts were 180 and 
170 ms. These corresponded to 76, 82 and 85% of the 
respective atrial flutter cycle lengths. Sinus arrest (2 to 
11 seconds) was observed at conversion from atrial flut- 
ter in 4 patients (Table II). Acceleration of atrial flutter 
(cycle length decreased by 250 ms) was uncommon. 









TABLE II Arrhythmias Observed During Pacing Protocols 


Short 
Burst 
(no.) 


Long 
Burst 
(no.) 


Ai A2A3 
(no.) 





Atrial fibrillation 



















Nonsustained 2 1 Le: 
Sustained l 2 0 
Total 3 3 12 
Sinus arrest ] 1 2 
Acceleration of atria! flutter 2 1 l 
A, A2A3 = atrial extrastimuli method. 
DISCUSSION 


Atrial pacing for atrial flutter: Recent mapping and 
entrainment studies of atrial flutter have demonstrated 
intraatrial reentry with an excitable gap as the under- 
lying mechanism of this arrhythmia.’ A reentrant 
mechanism has provided the logical basis for the suc- 
cessful use of pacing techniques to terminate atrial flut- 
ter when drug therapy is ineffective. Either the transve- 
nous or transesophageal approach may be used, and 
rapid atrial burst pacing has been reported to terminate 
atrial flutter successfully in 43 to 90% of patients.”?"!® 


FIGURE 2. Termination of atrial flutter by atrial extrastimuli following an 18-beat atrial drive train. Four surface electrocardio- 


graphic leads (1, AVF, V; and Ve) and the intracardiac 
S1$1, $:S2, S2S3 coupling intervals, which successfully 


recorded at the high right atrium (HRA) are shown. The 


electrogram 
converted atrial flutter to sinus rhythm, are shown in the lower panel. 


PACE TERMINATION OF ATRIAL FLUTTER 465 


A reentrant tachycardia such as atrial flutter should 
also be amenable to pace termination using properly 
timed atrial extrastimuli. Previous investigators have 
not found single, double or triple atrial extrastimuli cou- 
pled to the spontaneous atrial rhythm to be effective in 
terminating atrial flutter.’ However, in reentrant ven- 
tricular tachycardia, the introduction of ventricular pre- 
mature extrastimuli following a ventricular pacing train 
is an effective method for terminating sustained ven- 
tricular tachycardia. Our study is the first to report 
the efficacy of delivering atrial extrastimuli coupled 
to a train of atrial pacing for the termination of atrial 
flutter. 

In the present study, programmed atrial stimulation 
using 2 extrastimuli was more efficacious in terminating 
atrial flutter than either the short or long burst over- 
drive pacing methods. Moreover, the successful termi- 
nation of atrial flutter by the atrial extrastimuli method 
was achieved using significantly longer atrial pacing 
train cycle lengths than those required during successful 
burst pacing therapies. Thus, one potential advantage of 
the atrial extrastimuli method is the possibility of reduc- 
ing the incidence of the induction of sustained atrial fi- 
brillation at shorter pacing cycle lengths.®’ 

The mechanism of termination of atrial flutter by 
the introduction of atrial extrastimuli following a rapid 
atrial pacing train was not assessed in the present study. 
This method may result in shortening of the refractory 
period of tissue between the pacing site and the atrial 
flutter circuit, thus enhancing penetration of the tachy- 
cardia circuit. 

It has been reported’ that pace termination of atrial 
flutter is favored by use of a critical range of pacing 
intervals. This “critical pacing interval” has been esti- 
mated to be 75 to 90% of the spontaneous atrial flutter 


cycle length.*’ In our study, the pacing cycle length 
terminating atrial flutter was 87 + 7% of the tachycar- 
dia cycle length in those terminated by the atrial extra- 
stimuli method. Many patients were not exposed to 
shorter cycle lengths of burst pacing without extrastim- 
uli because the protocol led to prior termination of the 
atrial flutter by the extrastimuli method. It is possible 
that burst pacing therapies without extrastimuli might 
have been more successful had shorter pacing intervals 
been reached. This factor may account for the low effi- 
cacy rate of the atrial burst pacing methods observed in 
the present study compared with previous reports.7,9-!8 

Arrhythmias induced by atrial pacing: Transient 
atrial fibrillation was frequently observed during rapid 
atrial pacing and tended to occur when the pacing cycle 
lengths or extrastimuli coupling intervals were <200 
ms. Other investigators have reported that transient 
atrial fibrillation occurs in 12 to 63% of patients under- 
going overdrive atrial pacing.'%!2.!4-16 In the present 
study, transient atrial fibrillation was more frequent af- 
ter atrial extrastimulation (41%) than after either short 
(8%) or long (4%) burst pacing. Of course, the induc- 
tion of transient atrial fibrillation in these patients is of 
minor clinical importance. Indeed, atrial fibrillation was 
frequently a transition arrhythmia from atrial flutter to 
sinus rhythm and only lasted between 1 and 9 seconds. 
The incidence of initiating sustained atrial fibrillation 
with atrial pacing was low in our study population and 
did not occur as a consequence of the atrial extrastimuli 
method. 

Sinus arrest of 2.5 to 11 seconds occurred in only 4 
patients: 2 after atrial extrastimulation and 1 each after 
short and long burst atrial pacing. All 4 patients were 
taking antiarrhythmic drugs at the time of study. The 
significance of this observation is unknown. However, 
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FIGURE 3. Induction of transient atrial fibrillation by the atrial extrastimuli method before conversion to sinus rhythm. The for- 


mat is similar to Figure 2. HRA = high right atrium. 
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the development of significant pauses on spontaneous 
conversion of atrial flutter may produce significant he- 
modynamic symptoms in susceptible persons. 

Clinical implications: The implantation of a perma- 
nent antitachycardia pacemaker is an acceptable ap- 
proach for the treatment of paroxysmal atrial flutter in 
selected patients whose tachycardia is refractory to drug 
therapy. Previous reports have confirmed the long-term 
feasibility and safety of atrial overdrive pacing in such 
patients.!%2° The findings from our study suggest that 
atrial extrastimuli following a rapid pacing train is high- 
ly efficacious for terminating of atrial flutter. Some im- 
plantable antitachycardia pacemakers are capable of 
delivering this type of therapy, and it should be consid- 
ered particularly when burst pacing without extrastimu- 
li is ineffective.2! Because most patients were receiving 
antiarrhythmic drug therapy at the time of study, these 
observations may not apply to the management of atrial 
flutter in the absence of antiarrhythmic drug therapy. 
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Casual as well as ambulatory 24-hour blood pres- 
sure (BP) and echocardiographic parameters were 
studied in 40 patients with untreated or insuffi- 
ciently treated mild to moderate essential hyper- 
tension. Left ventricular (LV) hypertrophy was as- 
sessed before and after 24 weeks of therapy with 
either the converting enzyme inhibitor perindopril 
or the calcium antagonist nifedipine. The design 
was a double-blind parallel study with a placebo 
run-in period. Patients received a daily oral dos- 
age of either 4 to 8 mg of perindopril or 40 to 80 
mg of nifedipine in slow-release form. A diuretic 
(25 mg/day of hydrochlorothiazide) was added in 
nonresponders (>90 mm Hg casual diastolic BP). 
Once-daily perindopril and twice-daily nifedipine 
comparably reduced both casual and ambulatory 
BP throughout 24 hours (p <0.01) without affect- 
ing 24-hour heart rate. Six subjects withdrew 
from the nifedipine group and 4 from the perindo- 
pril group. After 12 and 24 weeks of therapy, LV 
hypertrophy was significantly reduced by both 
agents. Before active treatment was begun, LV 
mass index was more closely correlated to 24- 
hour (p <0.001) than to casual BP. This correla- 
tion disappeared after treatment with both agents. 
The correlation between ambulatory systolic day- 
time BP and LV mass was only still present 
(r = 0.54; p <0.05) after 24 weeks of treatment 
with nifedipine. It is concluded that regression of 
LV hypertrophy during converting enzyme inhibi- 
tion or calcium antagonism may be partly indepen- 
dent of dosage and magnitude of 24-hour BP de- 
crease. 

(Am J Cardiol 1992;70:468-473) 
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trophy is an independent risk factor for cardiovascu- 

lar morbidity and mortality in patients with system- 
ic hypertension.' Although there is a wide variability in 
the prevalence and severity of LV hypertrophy for any 
given level of casual blood pressure (BP) among sub- 
jects, the level of BP throughout the 24-hour day corre- 
lates significantly with LV mass.23 

Treatment with various antihypertensive agents was 
shown to have variable effects on regression of LV hy- 
pertrophy. Pure vasodilators and diuretics have not been 
able to consistently regress LV hypertrophy.*~® In most 
trials, the extent of LV hypertrophy reversal was appar- 
ently related to systolic BP reduction.” However, in an- 
imal experiments, there appears to be a dissociation be- 
tween hemodynamic and specific nonhemodynamic ef- 
fects of angiotensin-converting enzyme inhibition on LV 
hypertrophy.’ 

Therefore, we compared the effects of the long-act- 
ing converting enzyme inhibitor perindopril! with those 
of the calcium antagonist nifedipine!! on LV hypertro- 
phy, 24-hour BP and the correlation between 24-hour 
BP and LV hypertrophy before and after 24 weeks of 
treatment. 


I: is generally agreed that left ventricular (LV) hyper- 


METHODS 

Patients: The study group comprised 40 subjects (11 
women and 29 men, age range 23 to 69 years, mean 49) 
who gave informed consent. All subjects had mild to 
moderate hypertension and were untreated or insuffi- 
ciently treated (casual diastolic BP after 5 minutes in 
the sitting position with therapy >90 mm Hg). Secon- 
dary forms of hypertension were excluded by routine 
evaluation of all subjects. No subject was obese (>30% 
Broca index). No other cardiovascular diseases or major 
illnesses with concomitant treatment were present. 

Study design: The institutional ethical committee 
approved the study protocol. All patients had echocar- 
diographic signs of LV hypertrophy before a 4-week 
run-in period was begun. At the end of the 4-week pla- 
cebo period, all subjects had diastolic BP 295 to <120 
mm Hg (Korotkoff phase V) and LV hypertrophy ac- 
cording to echocardiographic data. 

After the run-in period, subjects were randomly as- 
signed to 2 groups of 20 each for a double-blind parallel 
study. Thereafter, treatment was begun with 2 daily 
dosages of oral nifedipine in 1 group. In the other 
group, perindopril was administered orally once in the 
morning and placebo was given at night. All tablets had 
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TABLE I Changes in Clinical and Ambulatory 24-Hour Blood Pressure and Heart Rate 


Week 


Clinical 
Systolic BP—P (mm Hg) 
Systolic BP—N (mm Hg) 
Diastolic BP—P (mm Hg) 
Diastolic BP—N (mm Hg) 
HR—P (beats/min) 
HR—N (beats/min) 


0 


157+4 
149+4 
106 + 2 
104+2 
T1 £3 
TI Se 


4 


144 + 3* 
143 +4 


96 + 2* 
93 + 3* 
81+3 
81+2 


8 


144 + 4* 
143 +5 


96 + 2* 
93 + 2* 
76+3 
81+2 


141 + 4* 
135 1:2" 


95. 2* 
90 + 2* 
i I #2 
79-3 


137. * 3* 
lat & Se 


94 + 1* 
91 +2" 
78 +2 
80 + 3 


136 + 3* 
140 +4 
93 +.2* 
923°. j 
rA o y a 
74+2 


24 hours 
Systolic BP—P (mm Hg) 
Systolic BP—N (mm Hg) 
Diastolic BP—P (mm Hg) 
Diastolic BP—N (mm Hg) 
HR-P (beats/min) 
HR-N (beats/min) 


144 +3 
141+5 
93 +2 
91+3 
72+3 
78 +3 


*p <0.01; tp <0.05 compared with pretreatment values. 


Values are mean + 





134 + 3* 
133 + 4* 
86 + 2* 
87 + 3t 
ia 23 
78+2 


BP = blood pressure; HR = heart rate; N = nifedipine; P = perindopril. 


the same appearance. The dosages of nifedipine (20 mg 
twice daily in slow-release form) and perindopril (4 mg 
once daily) were increased after 4 weeks of treatment 
(40 mg twice daily and 8 mg once daily, respectively) if 
diastolic BP was >90 mm Hg. If diastolic BP was >90 
mm Hg at the end of 8 weeks, hydrochlorothiazide (25 
mg once daily) was added. Thereafter, nonresponders 
(<10% decrease in casual diastolic BP) or subjects with 
systolic BP >220 mm Hg at any time were withdrawn 
from the study. The period of active treatment was 24 
weeks. 

BP was measured by sphygmomanometry in tripli- 
cate, and heart rate was measured at rest before and at 
the end of the washout and placebo period. Measure- 
ments were obtained after 4, 8, 12, 18 and 24 weeks of 
active treatment at the same time in the morning (7 to 9 
AM.) before dosing and adverse clinical effects were re- 
corded. Complete physical examination was performed 
at all visits, and standard 12-lead electrocardiograms 
were recorded before and after active therapy. The anti- 
hypertensive effect of the 2 different agents and dose 
regimens was also investigated during a 24-hour work- 
ing day, using an oscillometric measuring device (SL 
90207, Space-Labs Inc., Redmond, Washington). This 
ambulatory, noninvasive, portable, automated monitor 
was used at the end of the placebo and active treatment 
periods.!? Systolic and diastolic BP were monitored to- 
gether with heart rate at preset intervals (15 minutes 
between 6 AM. and 12 P.M., and 30 minutes during 
nighttime) with this device. Mean values were calculat- 
ed for 24 hours, and daytime (7 A.M. to 10 P.M.) and 
nighttime phases. Echocardiograms were obtained be- 
fore and after 12 and 24 weeks of active treatment. 
Blood samples for the determination of routine labora- 
tory parameters and urine specimens were obtained be- 
fore and after 12 and 24 weeks of therapy. 

Echocardiography: Two-dimensional guided M- 
mode echocardiography with a 3 MHz phased-array ul- 
trasound transducer and an ATL-unit (Advanced Tech- 
nology Laboratories, A Squibb Co., Bellevue, Washing- 
ton) was performed in all patients and recorded on 
light-sensitive paper at a paper speed of 50 mm/s. 
This procedure was performed by 1 investigator. M- 


mode measurements of LV end-diastolic and end-systol- 
ic cross-sectional diameter, and interventricular septum 
and posterior wall thickness were obtained according to 
the Penn convention. LV mass was calculated with the 
formula validated by Devereux et al.!? Patients were 
considered to have LV hypertrophy if LV mass index 
was 2135 g/m? in men or >110 g/m? in women. LV 
performance was assessed by measurement of systolic 
fractional shortening of the LV internal dimension. Be- 
cause afterload is best expressed as wall stress, end-sys- 
tolic LV wall stress was calculated using echocardio- 
graphic dimensions and cuff BP as described by Wilson 
et al.!4 Echocardiographic tracings were coded and read 
in random order by 2 observers who were unaware of 
the protocol and patient data. No patient had evidence 
of asymmetrical septal hypertrophy, valvular lesions or 
segmental wall motion abnormalities. ; 

Statistical analysis: All data are reported as mean + 
SEM. One- and 2-way analyses of variance followed by 
Newman-Keuls tests, linear correlation tests and chi- 
squares test were used for statistical evaluation. A p val- 
ue <0.05 was considered significant. 


RESULTS 

Both groups were comparable regarding age, body 
weight (76 + 2 kg), body surface area, casual and 24- 
hour BP, and heart rate (Table I). In the perindopril- 
treated group, the percentage of men (n=17) was 
higher than in the other group (n = 12). There was no 
significant weight change during therapy. Six patients 
in the nifedipine group and 4 in the perindopril group 
withdrew from the study and had to be excluded from 
statistical analysis. 

Blood pressure and heart rate (Table I): During the 
run-in period, casual BP tended to decrease in the un- 
treated or insufficiently treated patients without any 
difference between the groups. Therapy with nifedipine 
and perindopril resulted in a significant and almost 
identical reduction in casual diastolic BP. The decrease 
in casual systolic BP after nifedipine was only signifi- 
cant after 12 and 18 weeks of treatment, whereas perin- 
dopril reduced casual systolic BP throughout the 24 
weeks of therapy (p <0.01). However, this difference in 
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TABLE Il Changes in End-Diastolic Echocardiographic 
Parameters 


Week 


VS thickness—P (mm) 

VS thickness—N (mm) 

PW thickness—P (mm) 

PW thickness—N (mm) 

LV internal diameter—P 
(mm) 

LV internal diameter—N 


13.1+0.5 11.8+0.4* 
11.9 EGS “11.2 = O6T 
106+03 9.8+0.3* 

9.9+0.4 98+0.3t 
51.7+1.1 50.8+0.8 


10.9 + 0.4* 
10.9 + 0.5t 
9.3 + 0.4* 
9.4 + 0.4ł 
51.6 + 0.8 
52.6 + 1.7 


50.4 + 1.4 49.9 + 1.5t 


(mm) 
LV mass—P (g) 
LV mass—N (g) 
LV mass index—P (g/m2) 
LV mass index—N (g/m2) 
Fractional shortening—P (%) 
Fractional shortening—N (%) 


280 + 11 
261 + 16 
148 +5 
141+6 


246 + 11* 
232 + 16* 
130 + 5* 
124 ©" 
36+2 373 
35+4 36+3 
*p <0.01; tp <0.05 compared with pretreatment values. 
Values are mean + SEM. 


LV = left ventricular; N = nifedipine; P = perindopril; PW = posterior wall; VS = 
ventricular septum. 


240 + 12* 
220 + 18* 
127 = 6* 
1138 238% 
36+2 
36 £3 


TABLE Ilil Correlation Coefficients Between Blood Pressure 
and Left Ventricular Mass Index Before and After Active 
Treatment 


Perindopril Nifedipine 


WeekO Week24 WeekO Week24 


gags 
0.71* 
0.68* 
0.69% 
0.69* 
0.594 


24-hour systolic BP 
Daytime systolic BP 
Nighttime systolic BP 
24-hour diastolic BP 
Daytime diastolic BP 
Nighttime diastolic BP 
Casual systolic BP 0.31 
Casual diastolic BP 0.32 


*p <0.001; tp <0.05; tp <0.01. 
BP = blood pressure; Daytime = 7 a.m. to 10 P.M. 


antihypertensive efficacy between the groups was not 
significant. Two patients on nifedipine and 4 on perin- 
dopril needed dose adjustments. Six patients on nifedi- 
pine and 9 on perindopril needed the addition of hydro- 
chlorothiazide (25 mg once daily). With combination 
therapy, systolic BP further decreased by 5.1% (p 
<0.05) and diastolic BP by 2.1% (p <0.05) in the perin- 
dopril group compared with 5.2% (p <0.05) and 1.9% 
(p <0.05), respectively, in the nifedipine group. At the 
end of the study, 7 patients in both groups were normo- 
tensive (casual diastolic BP <90 mm Hg). 

Treatment with both agents resulted in a slightly de- 
creased heart rate. This reduction was significantly 
greater with perindopril. However, during the 24-hour 
recordings, heart rate was not affected by either agent. 

Once-daily perindopril as well as twice-daily nifedi- 
pine significantly decreased mean 24-hour BP. Nifedi- 
pine therapy was followed by decreases in systolic BP of 
5.3% (p <0.01) and in diastolic BP of 5.4% (p <0.05) 
compared with 7.2% (p <0.01) and 7.9% (p <0.01), 
respectively, with perindopril. Comparison of the groups 
did not reveal any difference. 

Left ventricular hypertrophy (Table Il): At the end 
of the run-in period, LV hypertrophy was similar in the 





2 treatment groups. No significant changes in LV mass 
index, interventricular septum or posterior wall thick- 
ness were observed at the end of the run-in period com- 
pared with data recorded immediately before the previ- 
ous antihypertensive medications were withdrawn. All 
patients had normal overall LV function before and af- 
ter the treatment period, as indicated by fractional 
shortening and end-systolic LV wall stress. Fractional 
shortening as well as end-systolic wall stress remained 
unaffected by therapy. LV septal-wall thickness at end- 
diastole was significantly reduced by nifedipine and per- 
indopril. Both agents induced a significant reduction in 
LV posterior-wall thickness at end-diastole. A change in 
LV internal end-diastolic radius was only detected in 
the nifedipine group at the end of the treatment period 
(p <0.05). LV mass index was significantly reduced by 
both agents. Two subjects (1 in each group) were nonre- 
sponders and had no regression of LV hypertrophy dur- 
ing therapy. Regression of LV hypertrophy was greater 
during the first 12 weeks than during the second half of 
the treatment period. LV hypertrophy decreased by 
11.4% from week 0 to week 12 and by another 5.5% 
during the second half of the treatment period in the 
nifedipine group compared with 11.8 and 2.5%, respec- 
tively, in the perindopril group. Perindopril normalized 
LV mass index in 10 patients compared with in 8 treat- 
ed with nifedipine. In all, the echocardiographic results 
were comparable for both groups. Patients who addi- 
tionally received the diuretic because of insufficient BP 
control did not have more pronounced reduction of LV 
hypertrophy than did the monotherapy groups. Further- 
more, regression of LV hypertrophy was similar in pa- 
tients that had achieved a casual diastolic BP <90 mm 
Hg and in these with only a <10% decrease. 

LV mass index was significantly related to 24-hour 
BP measured on a working day, but not to casual BP 
(Table III). In both groups, systolic BP was more close- 
ly correlated to LV structure than was diastolic BP. The 
Closest relation was between systolic daytime BP and 
LV mass index. Daytime (7 A.M. to 10 P.M.) BP was 
more closely correlated with measures of LV anatomy 
than was nighttime BP. This correlation could not be 
found after treatment with perindopril (Figure 1). Fur- 
thermore, only the nifedipine-treated group had a sig- 
nificant interrelation between decrease in 24-hour BP 
and regression of LV hypertrophy (r = 0.59; p <0.05), 
and LV hypertrophy was also decreased by perindopril 
in patients without normalized BP (290 mm Hg; p 
<0.05) at the end of active treatment. The correlation 
between systolic daytime BP and LV mass index was 
significant after 24 weeks of therapy with nifedipine. 
Analysis of these correlations with respect to variation 
between week 24 and 0 revealed that the aforemen- 
tioned relation in the nifedipine group was also signifi- 
cant (r = 0.52; p <0.05). Two patients with perindopril 
and 1 with nifedipine were BP nonresponders. In the 
patients with perindopril, a regression of LV hypertro- 
phy could be demonstrated after 3 months of therapy. 

Adverse effects: A significant change in routine lab- 
oratory parameters to abnormal values was not ob- 
served. Four patients treated with nifedipine and none 
treated with perindopril were withdrawn from the study 
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because of adverse reactions (flush, headache, leg ede- 
ma and exanthema). Two patients with perindopril and 
1 with nifedipine were BP nonresponders and were 
withdrawn from the study. Three patients (2 in the per- 
indopril group and 1 in the nifedipine group) were ex- 
cluded from statistical analysis owing to poor compli- 


LV mass index 


ance. These patients refused clinic visits after repeated 
invitation. 


DISCUSSION 
This study, to our knowledge, is the first trial that 
demonstrates in humans with essential hypertension and 


r=0./2 
p<0.001 


My pipe eya ais ANO E 


FIGURE 1. Correlation between systolic 
24-hour blood pressure (BP) and left ven- 
tricular (LV) mass index before (a) and af- 
ter (b) active treatment with perindopril. 
n.s. = not significant. 
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LV hypertrophy that the correlation between the level 
of systolic 24-hour BP and LV mass index disappeared 
after a longer period of antihypertensive treatment. This 
could be interpreted so that regression of LV hypertro- 
phy after antihypertensive treatment was independent 
of the decrease in 24-hour BP. 

The long-term antihypertensive effects of calcium 
antagonists!!:!> and converting enzyme inhibitors!® are 
well-documented. A 24-hour BP lowering effect of cal- 
cium antagonists on a once-daily regimen could only be 
demonstrated using these drugs in slow-release forms.!7 
However, newer converting enzyme inhibitors (like per- 
indopril) are long-acting hypotensive agents and can be 
administered once daily.!® 

The addition of a diuretic resulted in a further ca- 
sual BP decrease in both groups. This synergistic BP 
response with the combination therapy of converting en- 
zyme inhibitors and diuretics is well-known.!%2° In con- 
trast, it appears to be unresolved for long-term therapy 
with calcium antagonists whether an additional antihy- 
pertensive effect results from combining these agents 
with a diuretic.!5?! However, most clinical studies have 
shown an additional antihypertensive effect when calci- 
um antagonists are combined with diuretics.!5 

In our untreated or insufficiently treated hyperten- 
sive patients with concentric LV hypertrophy due to 
pressure overload, LV hypertrophy did not differ before 
and after the run-in period of the previous antihyperten- 
sive treatment. However, this finding was described in 
obese patients with mild hypertension and LV hypertro- 
phy that is predominantly due to volume overload in 
this group of patients.?2 

Nifedipine as well as perindopril induced a compara- 
ble regression of LV hypertrophy. Furthermore, with 
both agents correlation between LV mass index and 
ambulatory 24-hour BP measured on a working day dis- 
appeared during therapy. The effect was insignificantly 
more pronounced for perindopril than for nifedipine. 
This was true for monotherapy as well as for combina- 
tion therapy, and additional therapy with a diuretic did 
not induce a greater reduction of LV hypertrophy than 
did monotherapy. A number of studies reported that 
LV muscle mass or wall thickness was most closely cor- 
related to ambulatory 24-hour BP. Furthermore, the 
correlation with LV mass was more pronounced for sys- 
tolic than diastolic BP.?3 In most trials, the extent of 
LV hypertrophy reversal with various pharmacologic 
antihypertensive agents was related to decreased after- 
load and lowered systolic BP,>78 whereas studies of 
rats? and humans” have previously not shown this re- 
lation. 

Several potent classes of antihypertensive agents 
such as diuretics and the pure vasodilators hydralazine 
and minoxidil have not induced a regression of LV hy- 
pertrophy,*® probably because of reflex stimulation of 
the baroreceptors and subsequently increased levels of 
catecholamines. Although both diuretics and converting 
enzyme inhibitors decrease pre- and afterload, only con- 
verting enzyme inhibitors induce a regression of LV hy- 
pertrophy due to both BP-dependent and independent 
effects. In regard to endocrine dependence of LV hyper- 
trophy and possible trophic properties of angiotensin II, 


Linz et al? investigated the effect of equipotent antihy- 
pertensive dosages of the converting enzyme inhibitor 
ramipril in comparison with nifedipine and hydralazine 
on cardiac mass in rats that underwent banding of the 
abdominal aorta. The 3 agents produced a similar BP 
reduction, but only the converting enzyme inhibitor pre- 
vented the development of LV hypertrophy. The con- 
verting enzyme inhibitor also induced LV hypertrophy 
reversal with a dosage that was not antihypertensive. 

Cardiac hypertrophy is a structural adaptation that 
develops together with increased BP. This hypertrophy 
could be related to a stimulated renin angiotensin sys- 
tem with increased angiotensin II plasma levels, because 
angiotensin II was shown to be a growth factor. Fur- 
thermore, locally generated angiotensin II could exert 
trophic effects on cell growth, an effect that may be 
independent of the systemic angiotensin II action and 
pressor activity.!°2>6 Cardiac hypertrophy can be re- 
versed with antihypertensive drugs. However, the extent 
of this regression appears to depend on the mechanism 
through which an antihypertensive drug works. We be- 
lieve that this mechanism at work can only be “de- 
masked” in a study like the present one measuring am- 
bulatory 24-hour BP, because systolic 24-hour BP cor- 
relates more closely with LV hypertrophy than does 
casual BP. Thus, converting enzyme inhibitors and cal- 
cium antagonists can prevent LV hypertrophy and can 
apparently induce a partly BP-independent regression of 
LV hypertrophy through a drug-mediated modification 
of the heart. 
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Effects of Long-Acting Nifedipine on Casual 
Office Blood Pressure Measurements, 24-Hour 
Ambulatory Blood Pressure Profiles, Exercise 
Parameters and Left Ventricular Mass and 
Function in Black Patients with Mild to 
Moderate Systemic Hypertension 


Shirley J. Middlemost, MD, Michael Sack, MD, Jean Davis, RN, John Skoularigis, MD, 
Thomas Wisenbaugh, MD, Mohammed R. Essop, MD, and Pinhas Sareli, MD 


Thirty-nine black patients with mild to moderate 


hypertension were treated for 1 year with various 
long-acting preparations of nifedipine, during 
which time serial changes in 24-hour ambulatory 
blood pressure (BP), exercise performance, left 
ventricular (LV) mass index and LV systolic func- 
tion were evaluated. Mean 24-hour ambulatory 
BP decreased from 156 + 15/99 + 8 to 125 + 
10/79 + 6 mm Hg at 1 year (p <0.0001). LV 
mass index decreased from 130 + 40 to 1144 39 
g/m? at 6 weeks (p <0.005) and to 95 + 32 at 1 
year (p <0.0001). There was a significant reduc- 
tion in septal and posterior wall thickness from 
11.0 + 2.0 to 9.3 + 2.0 mm (p <0.0001) and from 
10.9 + 2.0 to 9.3 + 2.0 mm (p <0.005), respec- 
tively. Cardiac index and fractional shortening 
changed insignificantly from 2.9 + 0.7 to 2.9 + 
0.6 liters/min/m2, and from 35 + 5 to 36 + 6%, 
respectively. At 1 year, using a modified Bruce 
protocol, exercise time increased from 691 + 138 
to 845 + 183 seconds (p <0.05); peak exercise 
and 1 minute post-effort systolic BP decreased 
from 240 + 26 to 200 + 21 mm Hg and from 221 
+ 27 to 169 + 32 mm Hg (p <0.05), respectively. 
it is concluded that in the treatment of black pa- 
tients with mild to moderate hypertension, the 
marked and sustained antihypertensive action of 
long-acting nifedipine documented by 24-hour am- 
bulatory BP monitoring is associated with LV 
mass regression with no adverse effect on cardiac 
function together with a reduction in exercise sys- 
tolic BP and a prolongation of exercise time. 

(Am J Cardiol 1992;70:474-478) 
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left ventricular (LV) structure and function 

with continued use over a period of 1 year have 
been documented for severe hypertension,! a similar 
study has not been done in mild to moderate hyperten- 
sion, nor has the antihypertensive efficacy of nifedipine 
been documented using 24-hour ambulatory and exer- 
cise blood pressure (BP) readings in addition to conven- 
tional office BP. The degree of BP “control” as well as 
the effects of therapy on BP circadian rhythms should 
both be evaluated with 24-hour ambulatory BP profiles 
of a matched control group rather than relying on an 
arbitrary diastolic BP value of 90 mm Hg as a measure 
of control. We investigated the effects of long-acting ni- 
fedipine on: (1) BP when measured by the conventional 
versus the 24-hour ambulatory BP method, (2) exercise 
systolic BP and exercise time, and (3) LV mass and 
systolic function after 6 weeks and 1 year of continuous 
therapy in 39 black patients with mild to moderate hy- 
pertension. 


A Ithough the effects of long-acting nifedipine on 


METHODS 

Study design: The study comprised 3 phases: (1) a 
4-week, placebo-controlled baseline; (2) a 6-week, dou- 
ble-blind randomized period with 3 treatment arms — 
nifedipine 30 or 60 mg day, or 20 mg twice daily (For 
the purpose of this paper, all patients in the 3 treatment 
arms were grouped together for the analysis at 6 
weeks.); and (3) a l-year, open-label titration phase, 
when therapy in all patients was restarted with 30 
mg/day and increasing stepwise to 60 and 90 mg/ 
day. Echo-Doppler evaluation, 24-hour ambulatory BP 
monitoring, and exercise testing using the modified 
Bruce protocol were performed at the end of each 
phase. Patients were randomized if, during the placebo 
period, the sitting resting diastolic BP was 295 and 
<115 mm Hg (using an average of 3 consecutive read- 
ings at 5-minute intervals) on 3 occasions 1 week apart. 
The decision to increase the dose of nifedipine was as- 
sessed at the trough of drug action using the conven- 
tional cuff method at l-month intervals during the 
open-label phase. A second drug was added if the dia- 
stolic BP measured by the conventional cuff method 
was >90 mm Hg using a maximal dose of 90 mg/day 
of nifedipine. 
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Blood pressure measurement: CONVENTIONAL METH- 
op: BP was measured according to guidelines specified 
by the American Heart Association.” 

AMBULATORY BLOOD PRESSURE MONITORING: Using the 
SpaceLabs 90202 and 90207 monitors, BP was mea- 
sured by the oscillometric technique. Machines were 
calibrated before use in each patient against a mercury 
sphygmomanometer. From 0600 to 2400 hours, BP and 
heart rate readings were taken every 15 minutes, and 
from 2400 to 0600 hours every 20 minutes. Daytime 
was defined as 0600 to 1800 hours. A 24-hour ambula- 
tory BP recording was repeated if, during the 24-hour 
period, any single hour had <2 successful readings. 
Mean BP was calculated from diastolic BP + / (systol- 
ic minus diastolic BP).? Importantly, for comparative 
purposes, all recordings were done under similar condi- 
tions. Subjects were admitted to the hospital during am- 
bulatory BP recordings and were ambulant in the hospi- 
tal surroundings, spending the night in a special over- 
night ward. 

Echocardiography: M-mode and 2-dimensional 
echocardiograms were obtained with the ATL Ultra- 
mark 8 using a 2.25 MHz transducer. Each patient was 
examined in the left lateral recumbent position. With 
the transducer in the left parasternal position, 2-dimen- 
sional guided M-mode echocardiography of the left ven- 
tricle was performed immediately below the mitral 
valve leaflets at the chordal level in the short-axis view. 
In the LV outflow tract, M-mode tracings were ob- 
tained at the aortic annulus directly proximal to the in- 
sertion of the aortic leaflets. The aortic annulus was 
measured at the inner edge of the endocardial echoes. 
Using 2-dimensionally guided pulsed Doppler echocar- 
diography, cardiac output was calculated as the product 
of the Doppler time-velocity integral, cross-sectional 
area and heart rate.* During echocardiographic evalua- 
tion, simultaneous 3-lead electrocardiography and BP 
monitoring using a Dinamap 845 Vital Signs Monitor 
(Critikon) were performed. Dinamap BP measurements 
were used in calculating systemic vascular resistance.’ 

Echocardiographic and Doppler analysis: With use 
of 2-dimensionally targeted M-mode echocardiogra- 
phy, M-mode variables were analyzed according to the 
American Society of Echocardiography convention® 
and included LV end-diastolic and end-systolic diame- 
ters and septal and posterior wall thickness. Fractional 
shortening was calculated as LV end-diastolic diameter 
minus LV end-systolic diameter divided by LV end-dia- 
stolic diameter. Doppler and M-mode recordings were 
videotaped and (>90%) were made by the same experi- 
enced sonographer (SM) who was unaware of both BP 
and clinical data of the patient. LV mass was derived 
according to an anatomically validated regression meth- 
od which corrects LV mass estimates obtained from the 
American Society of Echocardiography measurements.’ 

Exercise testing: A multistage, symptom-limited 
test using a modified Bruce protocol was used. Before 
starting the test, the standing diastolic BP had to be 
<120 mm Hg as measured by the conventional method. 
Tests were performed at the same time of day, 12 hours 
after the last dose of test medication, preferably by the 
same technician under the same conditions. Electrocar- 


TABLE | Baseline Clinical Parameters of Hypertensive and 
Normotensive Subjects 


Controls 
(n = 40) 


Hypertensives 
(n = 39) 


Age (years) 48 +10 
Sex (men/women) 18/22 
Body surface area (m2) 1.75 
Body mass index (kg/m2) 42+5 
Cardiothoracic ratio (%) — 
Mean arterial pressure nocturnal hi = SF 
decline (%) 
24-hour ambulatory BP 


Systolic 
Diastolic 


Daytime ambulatory BP 


Systolic 
Diastolic 


Nighttime ambulatory BP 


Systolic 
Diastolic 


156 + 15 
99+ 18 


159 + 16 
102+8 


151+ 16 
94+9 


120 + 8* 
75 + 6* 


124 + 8* 
8l- 6* 


115 + 9* 
TO-a 


127 + 40 
48 +6 
3225 
JSE 
11+2 
Lt 2 


*p <0.0001 versus control; tp <0.001 versus control. 
BP = blood pressure (mm Hg); LV = left ventricular. 


71% 179 
47+4 
30+4 
35+4 
1t2 
8 + 2t 


LV mass index (g/m?) 

LV end-diastolic diameter (mm) 
LV end-systolic diameter (mm) 
Fractional shortening (%) 
Septum (mm) 

Posterior wall (mm) 





diograms were recorded and BP measured using the 
conventional cuff method at rest in the erect position, 
at 3-minute intervals during effort, and 1, 2, 3, 5 and 
10 minutes after effort. The total exercise time was re- 
corded. 

Subjects: Forty-one of 44 patients completed the 
double-blind randomized phase (only 1 subject was 
withdrawn because of an adverse drug effect, i.e. head- 
ache). The analysis includes the data on 39 patients who 
completed the 1-year follow-up. The control group, 
studied during the same period as the hypertensive pa- 
tients, comprised 40 normotensive subjects recruited 
from hospital staff and the outpatient department. They 
were assessed at screening as normotensive using the 
mean of 10 dinamap readings at 3-minute intervals. The 
24-hour ambulatory BP profiles and echo-Doppler pa- 
rameters were measured in the control subjects at a 
single visit using the same equipment as in the hyper- 
tensive patients. Baseline demographics and 24-hour 
ambulatory BP profiles for hypertensive and con- 
trol subjects are shown in Table I and Figure 1, respec- 
tively. 

Ethics committee approval: Approval was obtained 
from both the Baragwanath Hospital Prescription and 
Therapeutics Committee and the Ethics Committee of 
the University of the Witwatersrand. 

Statistical analysis: To ascertain significant differ- 
ences, the Fisher’s Exact and chi-square tests were used 
to analyze categorical data. Where the assumption of 
normality was not violated, the paired and student’s t 
tests were used for continuous data. Analysis of covari- 
ance, with age as covariate, was also performed when 
comparisons between groups were performed. When no 
proof of normality was available, nonparametric tests 
(i.e., the Mann Whitney U test and Wilcoxon’s signed 
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TABLE II Heart Rate and Blood Pressure Data at Baseline, and 
After Six Weeks and One Year of Treatment with Nifedipine 


6 Weeks 
(n = 39) 


1 Year 
(n = 39) 


Baseline 
(n = 39) 


Conventional BP 
Systolic 
Diastolic 
24-hour ambulatory BP 
Systolic 
Diastolic 
24-hour heart rate 
(beats/min) 
Daytime ambulatory BP 
(0600—1800 hours) 
Systolic 
Diastolic 
Mean 
Nighttime ambulatory BP 
(1800—0600 hours) 
Systolic 
Diastolic 
Mean 
Mean arterial pressure 
nocturnal decline (%) 


169 + 13 
107 + 6 


148 + 20* 
92 + |* 


146 + 14t 
90 + 6t 


132 + 13* 
84 + 8* 
76+8 


156+ 15 
99+8 
74+6 


125 + 10tt 
79 + 6tt 
75+11 


136° 13* 
87 + 8* 
103 + 9* 


160 + 16 
102 +8 
122 + 10 


128 + 10tł 
82 + 6tł 
98 + 7ti 


128 + 16* 
79 + 9* 
96 + 11* 
8+8 


151 + 16 
94+9 
LISELI 
25 


120 + 12Tt 
75+7t 
90 + 8Tt 

ee 


*p <0.0001, 6 weeks versus baseline; tp <0.0001, 1 year versus baseline; tp 
<0.0002, 1 year versus 6 weeks. 
BP = blood pressure (mm Hg). 





ranked test for matched pairs) were used for between- 
and within-group comparisons, respectively. Adjustment 
of the p value according to Bonferroni was used for 
pairwise comparisons. Pearson product-moment correla- 
tion coefficients were also used to assess relationships 
between variables. 


RESULTS 

Significant reductions in both the systolic and dia- 
stolic BP were apparent at 6 weeks compared with base- 
line when pressure was measured either conventionally 
(13 and 14%, respectively) or by 24-hour ambulatory 
BP monitoring (15% for both pressures). A further sig- 
nificant reduction in both systolic and diastolic BP at 1 
year (p <0.005) was shown by ambulatory BP mea- 


50 

6 7 8 9 10 11 12 18 14 15 16 17 18 19 20 21 222324 1 
HOUR 
—*- Systolic control 


—— Systolic “T Diastolic 





surements only (Table II). At 1 year, there was a 19% 
reduction in baseline 24-hour ambulatory systolic and 
diastolic BP, respectively (p = 0.005) in 26 patients con- 
trolled with nifedipine monotherapy. Compared with 
ambulatory BP monitoring, the conventional method 
significantly overestimated both the systolic and diastol- 
ic BP at all times during the study (p <0.005) (Table 
II). Also, this “white coat effect” was more marked for 
systolic than for diastolic BP readings. 

At baseline, 24-hour ambulatory BP profiles reflect- 
ed the highest pressures between 0800 and 1400 hours 
(Figure 2). This was the time during which long-acting 
nifedipine achieved the greatest reduction in pressures. 
Also, 24-hour BP control observed at 6 weeks was sus- 
tained at 1 year. Mean daytime BP was significantly 
higher than nighttime pressure throughout the study 
(Table II and Figure 2). The magnitude of nocturnal 
BP decline in hypertensive patients was blunted when 
compared with control subjects, and was unaltered by 
the reduction in BP. Similar to BP in control subjects 
the greater nocturnal decline in diastolic than systol- 
ic BP was unchanged with therapy (Table II and Fig- 
ure 2). 

Exercise data: Systolic BP measurements at the 
peak of and 1 minute after exercise are listed in Table 
III. A reduction in exercise systolic BP was associated 
with an increase in exercise time, both at 6 weeks and at 
1 year (p $0.01). Exercise tests were performed in 17 
of 26 patients treated with nifedipine only. After 1 year, 
there was a 10% decrease in peak exercise systolic BP 
and a 19.5% increase in exercise time (p <0.01 and 
p = 0.003 vs baseline, respectively). 

Echocardiographic data: At 1 year, the decline in 
LV mass was highly significant when compared with 6 
weeks and baseline values (Table IV), and was due to a 
reduction in diastolic myocardial wall thickness. At 1 
year, there was a 31% reduction in baseline LV mass 
index in 26 of 39 patients treated with nifedipine only. 
Neither the reduction in LV mass nor the use of long- 
acting nifedipine was associated with a deterioration in 
cardiac function, since cardiac index, fractional shorten- 
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TABLE ili Exercise Time and Systolic Blood Pressure 
Response Before and After Nifedipine Therapy (n = 21) 


Baseline 6 Weeks 1 Year 


240 + 26 
221 + 27 


223 + 35* 
187 + 34* 


200 + 21tt 
169 + 32tt 


Peak systolic BP 
1-minute postexercise 
systolic BP 


Exercise time (sec) 691 + 138 781+152* 845+ 183tt 


*p <0.05, 6 weeks versus baseline; tp <0.05, 1 year versus baseline; tp <0.05, 
1l year versus 6 weeks. 
BP = blood pressure (mm Hg). 





ing and 24-hour heart rate remained similar throughout 
the study. 

Drug treatment: At 1 year, 21 patients were taking 
nifedipine 90 mg once daily. Of these, 13 required the 
addition of a second drug (5 received 50 mg of hydro- 
chlorothiazide plus amiloride daily, 4 received atenolol 
50 mg/day, 3 received enalapril 10 mg/day, and 1 re- 
ceived methyldopa 250 mg twice daily). At 1 year, 
using the conventional cuff measurement, nifedipine 
monotherapy controlled BP in 26 patients at a dose of 
30 mg in 8 patients, 60 mg in 10, and 90 mg in 8 pa- 
tients, respectively. 

Adverse effects: The well documented adverse ef- 
fects of headache (25 and 15%), dizziness (5 and 8%) 
and pedal edema (0 and 13%) were noted at the end of 
the double-blind and open-label periods, respectively. 
Only 1 patient withdrew because of persistent headache. 
Mild analgesics for headache and diuretics for pedal 
edema were prescribed in 9 and 2 patients, respectively. 
A reduction in dose for pedal edema was necessary in a 
further 3 patients. 


DISCUSSION 

The major findings of this study were: (1) Long-act- 
ing nifedipine preparations significantly reduce both 
systolic and diastolic BP in middle-aged blacks with 
mild to moderate hypertension as measured by the con- 
ventional cuff method and confirmed by ambulatory BP 
monitoring. The reduction in BP observed at 6 weeks 


TABLE IV Echo-Doppler Data Before and After Six Weeks and 
One Year of Nifedipine Therapy (n = 30) 


1 Year 
(n = 30) 


9.3 + 2tt 
9.3 + 2tt 
48+5 


6 Weeks 
(n = 25) 


Baseline 
(n = 30) 


Ire 
10.9 + 2 
4946 


Septum (mm) 
Posterior wall (mm) 
V end-diastolic 
diameter (mm) 
LV end-systolic di- 
ameter (mm) 
LV mass index 
(g/m?) 
Fractional shorten- 
ing (%) 
Cardiac index 
(liters/min/m?) 
Systemic vascular 
resistance index 
(dynes s cm~5) 
Ejection fraction 
(%) 
*p <0.05 6 weeks versus baseline; tp <0.005 1 year versus baseline; tp <0.05 


1l year versus 6 weeks. 
LV = left ventricular. 


32+5 30+5 


130 + 40 114 + 39* 95 + 32tt 
36+6 
2.9+0.6 


3,548+776 2,581 +757* 2,473 + 55/7t 


62.8 +7 64+/7 65+9 





was sustained for 24 hours and also maintained for up 
to 1 year. (2) This was associated with both a prolonga- 
tion of exercise time and an attenuation of the increase 
in systolic BP during exercise. (3) The marked antihy- 
pertensive effect was accompanied by a progressive re- 
duction in LV mass of the order of 27% with no adverse 
effect on LV systolic performance. 

The comparison between the study group and the 
control subjects illustrates the differences in 24-hour 
ambulatory BP profiles and LV mass (Table I). An in- 
crease of 23% in daytime systolic BP, of 21% in daytime 
diastolic BP, 24% in nighttime systolic BP, and 26% in 
nighttime diastolic BP has resulted in an increase in LV 
mass of 44%. When compared with the control group, 
hypertensive patients have an attenuated decline in BP 
from the daytime to the nighttime. 

For the first time, using 24-hour ambulatory BP 
monitoring, both a marked and sustained antihyperten- 
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sive action of long-acting nifedipine has been demon- 
strated in blacks with mild to moderate hypertension in 
a 1-year follow-up study. To appreciate the clinical im- 
portance of these effects requires a comparison between 
the conventional cuff method and 24-hour ambulatory 
BP measurements in hypertensive patients with and 
without antihypertensive therapy.’ Both “conventional” 
and 24-hour ambulatory BP measurements were con- 
cordant. Also, using the conventional cuff method to 
measure BP, the “white coat pressor” effect noted at 
baseline persisted throughout the study, confirming an 
absence of a learning effect on this phenomenon.? Com- 
pared with daytime ambulatory BP, conventional systol- 
ic and diastolic BP measurements were 5 and 5% higher 
at baseline, and 12 and 9% higher at 1 year, respective- 
ly. Although there is a significant reduction in BP, the 
mean 24-hour ambulatory BP profile of the hyperten- 
sives does not match that of the control subjects, with 
levels remaining higher in hypertensive patients during 
both the day and night (Figure 2). Also, the circadian 
rhythm does not normalize. At this time it is unknown 
whether, in addition to controlling BP, it is important 
to normalize BP circadian rhythms with antihyperten- 
sive therapy. The antihypertensive effect was due to a 
marked reduction in systemic vascular resistance (Table 
IV). This more than offset the negatively inotropic ef- 
fect of nifedipine as reflected by the cardiac index and 
mean 24-hour heart rate which remained unchanged. 

Ambulatory BP monitoring is limited in that BP lev- 
els reached during significant (maximal and symptom 
limited) exercise rather than during ambulatory daily 
activities cannot be satisfactorily measured.!° BP mea- 
surement during maximal effort allows a broader and 
clinically important assessment of BP. Exercise data are 
consistent with the BP lowering action of nifedipine on 
ambulatory BP previously discussed. Systolic BP de- 
creased by 17% at peak exercise and by 24% 1 minute 
after effort, with a 22% increase in exercise time. 

In the treatment of hypertension, regression of an 
elevated LV mass (Table IV) is desirable.''! As in severe 
hypertension,' a reduction in diastolic myocardial wall 


thickness resulted in a progressive and significant de- 
crease in LV mass (17%) (Table IV), while LV internal 
dimensions and systolic function were unaltered. 

Study limitations: Using conventional BP measure- 
ments, 13 of 39 patients (33%) required a second anti- 
hypertensive drug so that the 1-year evaluations incor- 
porate the effects of these added drugs. We suspect that 
with the use of ambulatory BP, this figure may have 
been lower by avoidance of the white coat pressor effect. 
The outcome of therapy in 39 patients at 6 weeks, and 
in 26 of 39 patients controlled with nifedipine mono- 
therapy at 1 year, lends support to the conclusions that 
mainly nifedipine was responsible for the final results. 
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Now for heart rate control during atrial fibrillation and flutter 


CARDJZEM |,.<:::: 


[diltiazem ? hydrochloride} 
BOLUS /INFUSION 


GAINS HEART RATE 
CONTROL QUICKLY... 





Cardizem Injectable is indicated for temporary control of rapid ventricular rate during atrial 
ibrillation and flutter; rarely converts to normal sinus rhythm. io ae 
Please see the brief summary of prescribing information on an adjacent page. 
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24-HOUR 
CONTROL 





Should be used with continuous monitoring of ECG and blood pressure to avoid 
hypotension or bradycardia. Infusion be dose should be regulated accordingly. 
A defibrillator and emergency equipment should be readily available. 
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For heart rate control during atrial fibrillation and flutter 


MAINTAINS 
HEART RATE CONTROL 
SAFELY 





FAST 








m 3-minute onset of action from first bolus injection’ 
m 95% response rate within 2 to 7 minutes of administration’ 
m 1- to 3-hour duration of action with bolus 





SAFE 





m 4.3% incidence of asymptomatic hypotension” 
m 3.2 % incidence of symptomatic hypotension '* 
m 3.9% incidence of injection site reaction’ 

m 1.7% incidence of flushing” 

m Little negative inotropic effect" 


m Do not use in Af/Fl patients with WPW or short PR syndrome 


Other contraindications: sick sinus syndrome and second- or third-degree 
AV block except with a functioning pacemaker; severe hypotension and shock; 
hypersensitivity; recent IV beta-blockers; ventricular tachycardia. 


CONTINUOUS CONTROL 


m Heart rate control through infusion for up to 24 hours? 


Cardizem Injectable is indicated for temporary control of rapid ventricular 
rate during atrial fibrillation and flutter; rarely converts to normal sinus rhythm, 


"Occurs most often during or immediately following bolus injection. 
tCaution should be used in patients with congestive heart failure. 
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CONVENIENT DOSAGE 








BOLUS: 0.25 mg/kg 
actual body weight 


over 2 minutes 
20 mg average patient 


BOLUS: 0.35 mg/kg 


actual body weight 
over 2 minutes 


25 mg average patient 





INFUSION: 
10* to 15 mg/hr 


*5 mg/hr may be appropriate 
starting infusion for some 
patients. 
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BRIEF SUMMARY 


CARDIZEM® Injectable 
(diltiazem hydrochloride) 


INDICATIONS AND USAGE 

CARDIZEM Injectable (diltiazem hydrochloride) is indicated for the following: 

. Atrial Fibrillation or Atrial Flutter. Temporary control of rapid ven- 
tricular rate in atrial fibrillation or atrial flutter. It should not be used in patients 
with atrial fibrillation or atrial flutter associated with an accessory bypass 
tract such as in Wolff-Parkinson-White (WPW) syndrome or short 
PR syndrome. 

. Paroxysmal Supraventricular Tachycardia. Rapid conversion of parox- 
ysmal supraventricular tachycardias (PSVT) to sinus rhythm. This includes 
AV nodal reentrant tachycardias and reciprocating tachycardias associated 
with an extranodal accessory pathway such as the WPW syndrome or short 
PR syndrome. Unless otherwise contraindicated, appropriate vagal maneu- 
vers should be attempted prior to administration of CARDIZEM Injectable. 

The use of CARDIZEM Injectable for control of ventricular response in patients 
with atrial fibrillation or atrial flutter or conversion to sinus rhythm in patients 
with PSVT should be undertaken with caution when the patient is compromised 
hemodynamically or is taking other drugs that decrease any or all of the fol- 
lowing: peripheral resistance, myocardial filling, myocardial contractility, or 
electrical impulse propagation in the myocardium. 

For either indication and particularly when employing continuous 

intravenous infusion, the setting should include continuous monitoring 

of the ECG and frequent measurement of blood pressure. A defibrillator 
and emergency equipment should be readily available. 

In domestic controlled trials in patients with atrial fibrillation or atrial flutter, 

bolus administration of CARDIZEM Injectable was effective in reducing heart 

rate by at least 20% in 95% of patients. CARDIZEM Injectable rarely converts 
atrial fibrillation or atrial flutter to normal sinus rhythm. Following administration 
of one or two intravenous bolus doses of CARDIZEM Injectable, response 
usually occurs within 3 minutes and maximal heart rate reduction generally 
occurs in 2 to 7 minutes. Heart rate reduction may last from 1 to 3 hours. If 
hypotension occurs, it is generally shortlived, but may last from 1 to 3 hours. 

A 24-hour continuous infusion of CARDIZEM Injectable in the treatment of atrial 

fibrillation or atrial flutter maintained at least a 20% heart rate reduction dur- 

ing the infusion in 83% of patients. Upon discontinuation of infusion, heart 
rate reduction may last from 0.5 hours to more than 10 hours (median dura- 
tion 7 hours). Hypotension, if it occurs, may be similarly persistent. 

In the controlled clinical trials, 3.2% of patients required some form of inter- 

vention (typically, use of intravenous fluids or the Trendelenburg position) for 

blood pressure support following CARDIZEM Injectable. 

In domestic controlled trials, bolus administration of CARDIZEM Injectable was 

effective in converting PSVT to normal sinus rhythm in 88% of patients within 

3 minutes of the first or second bolus dose. 

Symptoms associated with the arrhythmia were improved in conjunction with 

decreased heart rate or conversion to normal sinus rhythm following adminis- 

tration of CARDIZEM Injectable. 


CONTRAINDICATIONS 

CARDIZEM Injectable is contraindicated in: 

1 . Patients with sick sinus syndrome except in the presence of a functioning 
ventricular pacemaker. 
Patients with second- or third-degree AV block except in the presence of 
a functioning ventricular pacemaker. 
Patients with severe hypotension or cardiogenic shock. 

. Patients who have demonstrated hypersensitivity to the drug. 

. Intravenous diltiazem and intravenous beta-blockers should not be 
administered together or in close proximity (within a few hours). 

. Patients with atrial fibrillation or atrial flutter associated with an accessory 
bypass tract such as in WPW syndrome or short PR syndrome. 
As with other agents which slow AV nodal conduction and do not prolong 
the refractoriness of the accessory pathway (eg, verapamil, digoxin), in rare 
instances patients in atrial fibrillation or atrial flutter associated with an acces- 
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sory bypass tract may experience a potentially life-threatening increase in 
heart rate accompanied by hypotension when treated with CARDIZEM Injec- 
table. As such, the initial use of CARDIZEM Injectable should be, if 
possible, in a setting where monitoring and resuscitation capabilities, includ- 
ing DC cardioversion/defibrillation, are present (see OVERDOSAGE). Once 
familiarity of the patient's response is established, use in an office setting 
may be acceptable. 


7. Patients with ventricular tachycardia. Administration of other calcium chan- 
nel blockers to patients with wide complex tachycardia (QRS = 0.12 
seconds) has resulted in hemodynamic deterioration and ventricular fibril- 
lation. It is important that an accurate pretreatment diagnosis distinguish 
wide complex QRS tachycardia of supraventricular origin from that of 
ventricular origin prior to administration of CARDIZEM Injectable. 


WARNINGS 


. Cardiac Conduction. Diltiazem prolongs AV nodal conduction and refrac- 
toriness that may rarely result in second- or third-degree AV block in sinus 
rhythm. Concomitant use of diltiazem with agents known to affect cardiac 
conduction may result in additive effects (see Drug Interactions). If 
high-degree AV block occurs in sinus rhythm, intravenous diltiazem should 
be discontinued and appropriate supportive measures instituted (see 
OVERDOSAGE). 


. Congestive Heart Failure. Although diltiazem has a negative inotropic 
effect in isolated animal tissue preparations, hemodynamic studies in 
humans with normal ventricular function and in patients with a com- 
promised myocardium, such as severe CHF, acute MI, and hypertrophic 
cardiomyopathy, have not shown a reduction in cardiac index nor consis- 
tent negative effects on contractility (dp/dt). Administration of oral diltia- 
zem in patients with acute myocardial infarction and pulmonary congestion 
documented by »-ray on admission is contraindicated. Experience with the 
use of CARDIZEM Injectable in patients with impaired ventricular function 
is limited. Caution should be exercised when using the drug in such patients. 

. Hypotension. Decreases in blood pressure associated with CARDIZEM 
Injectable therapy may occasionally result in symptomatic hypotension 
(3.2%). The use of intravenous diltiazem for control of ventricular response 
in patients with supraventricular arrhythmias should be undertaken with 
caution when the patient is compromised hemodynamically. In addition, 
caution should be used in patients taking other drugs that decrease 
peripheral resistance, intravascular volume, myocardial contractility 
or conduction. 


. Acute Hepatic Injury. In rare instances, significant elevations in enzymes 
such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena 
consistent with acute hepatic injury have been noted following oral diltia- 
zem. Therefore, the potential for acute hepatic injury exists following 
administration of intravenous diltiazem. 


Ventricular Premature Beats (VPBs). VPBs may be present on conver- 
sion of PSVT to sinus rhythm with CARDIZEM Injectable. These VPBs are 
transient, are typically considered to be benign, and appear to have no 
Clinical significance. Similar ventricular complexes have been noted dur- 
ing cardioversion, other pharmacologic therapy, and during spontaneous 
conversion of PSVT to sinus rhythm. 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metabolized by 
the liver and excreted by the kidneys and in bile. The drug should be used with 
caution in patients with impaired renal or hepatic function (see WARNINGS). 
High intravenous dosages (4.5 mg/kg tid) administered to dogs resulted in sig- 
nificant bradycardia and alterations in AV conduction. In subacute and chronic 
dog and rat studies designed to produce toxicity, high oral doses of diltiazem 
were associated with hepatic damage. In special subacute hepatic studies, 
oral doses of 125 mg/kg and higher in rats were associated with histological 
changes in the liver, which were reversible when the drug was discontinued. 
In dogs, oral doses of 20 mg/kg were also associated with hepatic changes; 
however, these changes were reversible with continued dosing. 
Dermatologic events progressing to erythema multiforme and/or exfoliative 
dermatitis have been infrequently reported following oral diltiazem. Therefore, 
the potential for these dermatologic reactions exists following exposure to 
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intravencus diltiazem. Should a dermatologic reaction persist, the drug should 
be discontinued. 

Drug Interactions. Due to potential for additive effects, caution is warranted 
in patients receiving CARDIZEM Injectable concomitantly with any agent(s) 
known to affect cardiac contractility and/or SA or AV node conduction 
(see WARNINGS). 


As with all drugs, care should be exercised when treating patients with multi- 
ple medications. CARDIZEM undergoes extensive metabolism by the 
cytochrome P-450 mixed function oxidase system. Although specific phar- 
macokinetic drug-drug interaction studies have not been conducted with single 
intravenous injection or constant rate intravenous infusion, coadministration 
of CARDIZEM Injectable with other agents which primarily undergo the same 
route of biotransformation may result in competitive inhibition of metabolism. 


Digitalis: Intravenous diltiazem has been administered to patients receiving 
either intravenous or oral digitalis therapy. The combination of the two drugs 
was well tolerated without serious adverse effects. However, since both drugs 
affect AV nodal conduction, patients should be monitored for excessive slowing 
of the heart rate and/or AV block. 


Beta-blockers: Intravenous diltiazem has been administered to patients on 
chronic oral beta-blocker therapy. The combination of the two drugs was gener- 
ally well tolerated without serious adverse effects. If intravenous diltiazem is 
administered to patients receiving chronic oral beta-blocker therapy, the pos- 
sibility for bradycardia, AV block, and/or depression of contractility should be 
considered (see CONTRAINDICATIONS). Oral administration of diltiazem with 
propranolol in five normal volunteers resulted in increased propranolol levels 
in all subjects and bioavailability of propranolol was increased approximately 
50%. In vitro, propranolol appears to be displaced from its binding sites 
by diltiazem. 

Anesthetics: The depression of cardiac contractility, conductivity, and automa- 
ticity as well as the vascular dilation associated with anesthetics may be poten- 
tiated by calcium channel blockers. When used concomitantly, anesthetics 
and calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study 
in rats at oral dosage levels of up to 100 mg/kg/day, and a 21-month study in 
mice at oral dosage levels of up to 30 mg/kg/day showed no evidence of car- 
cinogenicity. There was also no mutagenic response in vitro or in vivo in mam- 
malian cell assays or in vitro in bacteria. No evidence of impaired fertility was 
observed in a study performed in male and female rats at oral dosages of up 
to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, 
rats, and rabbits. Administration of oral doses ranging from five to ten times 
greater (on a mg/kg basis) than the daily recommended oral antianginal ther- 
apeutic dose has resulted in embryo and fetal lethality. These doses, in some 
studies, have been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths at doses of 20 
times the human oral antianginal dose or greater. 


There are no well-controlled studies in pregnant women; therefore, use 
CARDIZEM in pregnant women only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report with oral 
diltiazem suggests that concentrations in breast milk may approximate serum 
levels. If use of CARDIZEM is deemed essential, an alternative method of infant 
feeding should be instituted. 


Pediatric Use. Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 


The following adverse reaction rates are based on the use of CARDIZEM 
Injectable in over 400 domestic clinical trial patients with atrial fibrillation/flutter 
or PSVT under double-blind or open-label conditions. Worldwide experience 
in over 1,300 patients was similar. 


Adverse events reported in controlled and uncontrolled clinical trials were gener- 
ally mild and transient. Hypotension was the most commonly reported adverse 
event during clinical trials. Asymptomatic hypotension occurred in 4.3% of 
patients. Symptomatic hypotension occurred in 3.2% of patients. When treat- 
ment for hypotension was required, it generally consisted of administration 
of saline or placing the patient in the Trendelenburg position. Other events 
reported in at least 1% of the diltiazem-treated patients were injection site reac- 
tions (eg, itching, burning)—39%, vasodilation (flushing)—1.7%, and 
arrhythmia (junctional rhythm or isorhythmic dissociation) — 1.0%. 

In addition, the following events were reported infrequently (less than 1%): 


Cardiovascular: Atrial flutter, AV block first degree, AV block second 
degree, bradycardia, chest pain, congestive heart 
failure, sinus pause, sinus node dysfunction, syncope, 
ventricular arrhythmia, ventricular fibrillation, ventric- 
ular tachycardia. 


Dermatologic: Pruritus, sweating. 


Gastrointestinal: | Constipation, elevated SGOT or alkaline phosphatase, 
nausea, vomiting. 

Nervous System: Dizziness, paresthesia. 

Other: Amblyopia, asthenia, dry mouth, dyspnea, edema, 


headache, hyperuricemia. 
Although not observed in clinical trials with CARDIZEM Injectable, other 
reactions associated with oral diltiazem may occur. 
Product information as of October 1991 





References: 1. Cardizem Injectable prescribing information. 
2. Ellenbogen KA, Dias VC, Plumb VJ, Heywood JT. Mirvis 
DM. J Am Coll Cardiol. 1991;18:891-897 
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CONGESTIVE HEART FAILURE 


Renal Function in Severe Congestive Heart 
Failure During Treatment with Enalapril 
(the Cooperative North Scandinavian Enalapril 
Survival Study [CONSENSUS] Trial) 


Susanne Ljungman, MD, John Kjekshus, MD, and Karl Swedberg, MD, 
for the CONSENSUS Trial Group 





The effect on renal function of long-term treat- 
ment with either enalapril (n = 123) or placebo 

(n = 120) in addition to conventional therapy was 
studied in a randomized trial in patients with se- 
vere congestive heart failure (New York Heart As- 
sociation functional class IV; the Cooperative 
North Scandinavian Enalapril Survival Study). En- 
alapril was administered in a dose of 2.5 to 40 
mg/day. The analysis was restricted to the first 6 
months of treatment. There was an average initial 
increase of 10 to 15% (10 to 20 yumol/liter) irre- 
spective of baseline serum creatinine within the 
first 3 weeks of enalapril treatment, whereafter 
mean serum creatinine remained on a similar level 
during the first 6 months. Enalapril was well-toler- 
ated by most patients, and serum creatinine was 
reduced in 24%. Serum creatinine increased by 
>100% in 13 patients (11%) in the enalapril 
group (mainly as a consequence of intercurrent 
disease or severe hypotension, and usually tran- 
siently) and in 4 (3%) in the placebo group. The 
maximal increase in serum creatinine in the enala- 
pril group was inversely correlated to the diastolic 
blood pressure (p = 0.008) at baseline and to the 
mean diastolic and systolic blood pressures mea- 
sured at the time of the maximal increase in serum 
creatinine (p = 0.0001). According to multivariate 
regression analysis, the maximal increase in se- 
rum creatinine was also slightly influenced by the 
dose of furosemide taken. The development of hy- 
potension emerged as the strongest factor ex- 
plaining an abnormal increase in serum creatinine. 
Patients with marked reduction of baseline glo- 
merular filtration rate had an increased risk of de- 
veloping hypotension. Therefore, low beginning 
doses of enalapril and monitoring of blood pres- 
sure and serum creatinine are recommended in 
patients with severe heart failure, especially in 
those with marked reduction of glomerular filtra- 
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tion rate and in those expected to have an exces- 
sive stimulation of the renin-angiotensin system. 
(Am J Cardiol 1992;70:479-487) 


tivates neurohormonal mechanisms that in mild 

heart failure may have some compensatory or 
supportive role, but in severe congestive heart failure 
have definite adverse effects on vital organs such as the 
myocardium and the kidney. Therefore, treatment mo- 
dalities to improve the prognosis should directly or 
indirectly influence these neurohormonal mechanisms. 
Treatment with angiotensin-converting enzyme (ACE) 
inhibitors has emerged as an important regimen in this 
context.!~3 

In the Cooperative North Scandinavian Enalapril 
Survival Study (CONSENSUS), we could demonstrate 
that the addition of enalapril to conventional therapy in 
severe congestive heart failure significantly improved 
survival and functional classification symptomatology. 
Thus, the 6-month mortality (primary object) in the 
placebo group (calculated by life-table analysis) was 
48%, and the corresponding figure in the enalapril 
group was 29%. The prognosis for patients with a base- 
line serum creatinine level higher than the median value 
(123 pwmol/liter) was better after enalapril treatment 
than for those whose serum creatinine levels were less 
than the median value.’ 

The activation of the renin-angiotensin-aldosterone 
system in severe congestive heart failure has important 
implications for renal function and supports the glomer- 
ular filtration rate by preferential constriction by angio- 
tensin II of the efferent arteriole.t Therefore, ACE inhi- 
bition may decrease the glomerular filtration rate if its 
maintenance is strongly dependent on constriction of the 
efferent arteriole. This may occur in patients with 
marked reduction of renal perfusion pressure and exces- 
sive stimulation of the renin-angiotensin system.*ć More 
knowledge of the factors influencing the renal function 
in heart failure during ACE inhibition may make it pos- 
sible to avoid clinically significant reduction of renal 
function at the initiation of and during continued treat- 
ment with ACE inhibitors in patients with chronic con- 
gestive heart failure. 

The aim of this analysis of the CONSENSUS was 
to study the long-term effects of enalapril treatment on 
renal function and to identify risk factors for deteriora- 


T he reduction in systolic function in heart failure ac- 
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tion of renal function in patients with severe congestive 
heart failure. 


METHODS 

The study design of the CONSENSUS, as well as 
the inclusion and exclusion criteria, was previously re- 
ported.’ The study began in April 1985 and stopped in 
December 1986. It included 253 patients (mean age 70 
years, range 36 to 91) with severe congestive heart fail- 
ure in New York Heart Association functional class IV 
who were randomized at 35 Scandinavian centers in a 
double-blind fashion to placebo (n = 126) or enalapril 
(n = 127) in addition to conventional therapy. Patients 
with serum creatinine >300 umol/liter were not includ- 
ed. Coronary artery disease was the cause of congestive 
heart failure in 73%. All patients were receiving diure- 
tics (mean furosemide dose 210 mg), 94% digitalis and 
50% vasodilators, usually isosorbide dinitrate (mean 
dose 62 mg). ACE inhibitors were not permitted. The 
treatment dose of enalapril/placebo was 2.5 to 40 mg 
daily. The maintenance dose was obtained after titra- 
tion during the initial 3 weeks. Treatment began with 5 
mg twice daily, with weekly increments to 10 and 20 
mg twice daily if the patient did not have symptoms of 
hypotension or other side effects. The maximal dose was 
40 mg/day. 

Early in the trial, the occurrence of symptomatic hy- 
potension in some patients led to a revision of the proto- 
col after 67 patients had been randomly assigned. Pa- 
tients considered at high risk for hypotension (serum so- 
dium <130 mmol/liter, serum creatinine 150 to 300 
umol/liter, increase of dosage of diuretics within previ- 
ous week, or treatment with potassium-sparing agents) 
were administered an initial dose of 2.5 mg/day. If hy- 
potension or an increase in serum creatinine did not oc- 
cur after 3 to 4 days, the dosage was increased to 2.5 
mg twice daily for the remainder of the first week. 
Thereafter, the previous titration plan was followed. 
Symptomatic effects (i.e., hypotension) or laboratory 
changes (e.g., increased serum creatinine or potassium, 
or both) were checked 1 week after each dose incre- 
ment, after 6, 16, 24 and 52 weeks, and at the end of 
the study. The investigator could maintain, reduce or 
increase the dose of diuretics or enalapril depending on 
the clinical and laboratory status at each follow-up. 

Creatinine clearance was predicted according to a 
formula® that is based on the patient’s age, weight (kg) 
and serum creatinine (mg/100 ml; 1 mg/100 ml = 88 
umol/liter): creatinine clearance (ml/min) = (140-age) 
X weight/(72 X serum creatinine). The formula gives 
the value for men, and values are reduced by 15% for 
women. Diastolic blood pressure was recorded at Korot- 
koff phase V (i.e., when sounds disappeared). Mean ar- 
terial pressure was calculated as diastolic blood pressure 
plus one third of the pulse pressure. Blood samples for 
hormone analyses were obtained at baseline after 30 
minutes of supine rest. The analyses were previously de- 
scribed in detail.’ 

Statistical analyses: Differences in means between 2 
groups were tested with variance analysis for approxi- 
mately normally distributed variables and with the 


Mann-Whitney U test for variables that were not nor- 
mally distributed (maximal serum creatinine, maximal 
increase in serum creatinine, and doses of drugs). Dif- 
ferences in means within groups were tested with Stu- 
dent’s paired ¢ test. Only 2-tailed tests were used. Lin- 
ear regression analysis was used for approximately nor- 
mally distributed variables (correlation coefficient r), 
and the Spearman correlation test (correlation coeffi- 
cient R) for variables that were not normally distribut- 
ed. Stepwise multiple regression of ranked data was 
used to study predictors of increase in serum creatinine. 
Furthermore, the sliding mean-value method was used 
to describe the relation between mean arterial pressure 
and maximal change in serum creatinine.'!? Each suc- 
cessive mean arterial blood pressure group included 20 
subjects, except for the group at each end of the blood 
pressure range, which included 10. Statistical signifi- 
cance was accepted at a level of p <0.05. 


RESULTS 

Study patients: Of the initial 126 patients in the pla- 
cebo group and 127 in the enalapril group, there were 
120 and 123, respectively, who had =1 serum creatinine 
measurement recorded after baseline, which was the cri- 
terion for inclusion in this analysis. To obtain a descrip- 
tion of the clinical characteristics in patients with differ- 
ent degrees of change in renal function during enalapril 
treatment, the enalapril group was divided in tertiles 
based on the maximal percent change in serum creati- 
nine from baseline calculated as the difference between 
the baseline and highest values recorded during the first 
24 weeks of the trial. If the latter value was lower than 
the baseline value, the change in serum creatinine was 
negative. Table I shows the baseline demographic and 
clinical characteristics for the placebo and enalapril 
groups and for the tertiles of the latter group. The medi- 
an age was 70 years (range 49 to 87) in the placebo 
group and 72 (range 36 to 91) in the enalapril group. 
There were no significant differences between the place- 
bo and enalapril groups at baseline concerning age, 
weight, blood pressure, heart rate, serum sodium, serum 
potassium or the dose of furosemide and spironolactone 
received on the first day of the trial. However, mean 
serum creatinine was slightly lower in the placebo group 
than in the enalapril group, but mean creatinine clear- 
ance did not differ significantly between the groups. 
The creatinine clearance value at baseline varied greatly 
in patients with the same serum creatinine level and was 
markedly reduced in many patients who had serum cre- 
atinine values within the normal range (Figure 1). 

Change in mean serum creatinine over time: The 
mean serum creatinine values for the 2 groups at base- 
line and 2, 3, 6 and 24 weeks after the beginning of the 
trial are shown in Figure 2. In 4 patients, serum creati- 
nine values reached the maximum earlier than at 2 
weeks after baseline (day 2 in 2 patients, day 3 in 1 
patient, and day 7 in 1 patient). These values were in- 
cluded in the 2-week values in the analysis. The mean 
increase in serum creatinine in the enalapril patients 
studied up to 3 weeks (Figure 2, top) was 19 wmol/liter 
(14%; p <0.01) after 2 weeks and 15 umol/liter (11%; p 
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TABLE | Baseline Clinical Characteristics for Patients with > One Serum Creatinine Value 


After Baseline 


Baseline Data 


Women/men 
Age (yr) 
Weight (kg) 
Blood pressure (mm Hg) 
Systolic 
Diastolic 
Mean arterial pressure 
Heart rate (beats/min) 
Serum sodium (mmol/L) 
Serum potassium (mmol/L) 
Serum creatinine (mol/L) 
Predicted creatinine clear- 


Placebo Group 
(n = 120) 


37/83 


All 


(n = 123) 
36/87 


20 = 
69+1 


123 +2 
76+1 
92+1 
Bloat 
138 +1 
4.1 + 0.04 
124+3 
49+2 


Fi xl 
67+1 


120+2 
Y AS i =a l 
92 + 1 
80 +2 
13B El 


4.1 +0.04 4.1 +0.07 4.0 + 0.07* 
122 + 5t 


133 + 4t 
45+2 


Enalapril Group 


Low 


(n = 41) 


13/28 
68 + 1 
68 + 2 


119+3 
80 + 2 
93 +2 
78 +2 
136+ 1 


146 +7 
44 +3 


Tertiles of 


% A Serum Creatinine 


Middle 
(n = 41) 


High 
(n = 41) 


10/31 13/28 


71 &2 
66 +2 


TID E3 
TA E 
91 +2 
T E2 
138 + 1 


47 +3 


73 1 
66 + 2 


124 +3 
ja: 2* 
91+2 
Vi 2 
139:+:1* 


4.0 + 0.06 


132: £7 
43 +3 


ance (ml/min) 
Plasma angiotensin II 
(pg/ml) 
Plasma norepinephrine 
(pg/ml) 
Diuretic treatment on first 
study day 
Furosemide (mg/day) 
Range 
Median 
Spironolactone (mg/day) 
Range 
Median 


76+7 
(n = 119) 
935 + 55 
(n = 116) 


68 + 6 
(n = 120) 
909 + 57 
(n = 114) 


713 59+ 10 67 +10 
(n = 38) 
1090 + 133 


(n = 36) 


913 + 84 
(n = 39) 


735 +72 
(n = 35) 


211+ 16 
40-—1,000 
160 
83 +6 80 + 3 79:25 75+6 
(25—200) (50-100) (50-100) (50—100) 
100 75 88 75 
(n = 57) (n = 51) (n = 18) (n = 16) 
*p <0.05; tp <0.01 compared with low tertile; tp <0.05 compared with placebo. 

§Mann-Whitney U test. 


Data are mean + SEM. 
% A Serum Creatinine = maximal change in serum creatinine compared with baseline. 


224 + 23 
40—2,000 
160 


169+ 15 
40-500 
160 


211 + 40 
40-—1,500 
160 


288 + 50*§ 
40-2,000 
240 
76+6 
(50—100) 


Serum creatinine (mol/l) 


20 40 60 80 100 120 140 


Predicted creatinine clearance (ml/min) 
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<0.001) after 3 weeks. In the enalapril patients studied 
up to 6 weeks (Figure 2, middle), mean serum creati- 
nine increased by 13% after 2 weeks and did not change 
thereafter. In the enalapril patients followed for 24 
weeks (bottom), mean serum creatinine increased by 5 
to 10% during the first 6 weeks and was significantly 
greater than the baseline value after 24 weeks (14%; p 
<0.05). In the placebo group, there was no significant 
increase in mean serum creatinine over time. Among 
the enalapril patients who had a baseline serum creati- 
nine level lower than the median value of 126 umol/ 
liter (n = 35), the mean percent increase in serum cre- 
atinine after 2, 3, 6 and 24 weeks was 10, 11, 12 and 


—o— P(n=103) 


—e— = E(n=110) 


serum creatinine (umol/l) 


—o— P (n = 89) 


—e— €E (n=98) 
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N 
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serum creatinine (umol/l) 





FIGURE 2. Serum creatinine in placebo (P) and enalapril (E) 
groups at baseline (0) and after 2 and 3 weeks of treatment 
(top); at baseline and after 2, 3 and 6 weeks (middie); and at 
baseline and after 2, 3, 6 and 24 weeks (bottom). Only those 
patients for whom all measurements are available are depict- 
ed. Values are mean + SEM. *p <0.05; **p <0.01; ***p 
<0.001 compared with baseline (paired t test). 


20%, respectively, whereas those whose baseline serum 
creatinine level was greater than the median value 
(n = 29) had a smaller percent increase in serum creati- 
nine (1, 3, 10 and 11%, respectively). Therefore, the 
mean absolute increase in serum creatinine after 3 
weeks was the same in patients with baseline serum cre- 
atinine levels less than and greater than the median 
value. 

Maximal serum creatinine level: Figure 3 shows the 
means for serum creatinine at baseline, the highest val- 
ue after baseline and the following recorded value after 
adjustment of therapy in patients in the placebo 
(n = 59) and enalapril (n = 63) groups who had 22 se- 
rum creatinine values recorded after baseline. In the 
placebo group, mean serum creatinine increased from 
122 + 4 umol/liter at baseline to the peak value of 132 
+ 5 umol/liter (p <0.05) and then decreased to 122 + 
4 umol/liter. In the enalapril group, mean serum creati- 
nine increased significantly from 129 + 5 umol/liter at 
baseline to a maximal value of 192 + 16 umol/liter (p 
<0.001) followed by a value of 140 + 6 wmol/liter that 
was significantly greater than the baseline level (p 
<0.001). The mean maximal serum creatinine value 
was 49% greater than at baseline and the following 
mean serum creatinine value was only 9% greater. 

Maximal change in serum creatinine: The frequency 
distribution of the absolute maximal change in serum 
creatinine in the 2 groups is presented in Figure 4. In 
the enalapril group, the maximal serum creatinine value 
was less than the baseline level in 24% of patients and 
increased by <30% in 41%, by 30 to 100% in 24% and 
by >100% in 11% (n = 13) of patients. The correspond- 
ing values for patients in the placebo group were 33, 49, 
15 and 3%, respectively. Of all enalapril patients stud- 
ied, those with a baseline serum creatinine less than and 
greater than the median value had a median maximal 
increase in serum creatinine of 22% (22 umol/liter) and 
14% (20 wmol/liter), respectively. Thus, the absolute in- 
crease in serum creatinine after enalapril treatment was 
independent of the baseline level. 

Subgroups of the enalapril group: BASELINE (TABLE 
1): Patients in the high tertile had significantly lower 
diastolic blood pressure (p = 0.021), higher serum sodi- 
um (p = 0.015) at baseline and a higher dose of furose- 
mide on the first study day (p = 0.029) than did those 
in the low tertile. 

MAXIMAL SERUM CREATININE LEVEL (TABLE II): Patients 
in the high tertile had a significantly lower diastolic 
blood pressure (p <0.001) and mean arterial pressure 
(p <0.01) and a significantly higher dose of furosemide 
(p <0.05) at the time of the maximal serum creatinine 
level than did those in the low tertile. The doses of ena- 
lapril and spironolactone administered at that time did 
not differ between the tertiles. 

The case histories of the 13 patients who had an in- 
crease in serum creatinine >100% of the baseline value 
were analyzed to elucidate the reasons for the highest 
increases in serum creatinine. In 8 patients, the proba- 
ble explanations were other concurrent diseases (i.e., 
septicemia [n = 2], pulmonary emboli [n = 1], severe 
diarrhea [n = 1], transuretheral resection and foot gan- 
grene [n = 1], thrombendarterectomy and femoropopli- 
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teal bypass [n = 1], renal artery stenosis [n = 1] and 
acute fatal myocardial infarction [n = 1]). Of the re- 
maining 5 patients, 4 had symptomatic hypotension, 
and 1 nonhypotensive patient who was treated with fu- 
rosemide and spironolactone had a normalized serum 
creatinine level after discontinuation of spironolactone. 


Enalapril was discontinued in 5 of the 13 patients, 
whereupon serum creatinine decreased toward baseline 
values. In the 8 patients in whom enalapril was not dis- 
continued, the maximal increase in mean serum creati- 
nine was 212% and the following recorded value was 


29% greater than at baseline. 


—o— P (n=59) 


FIGURE 3. Baseline level, maximal (Max) 
value and following (After max) level of se- 
rum creatinine for patients in placebo (P) 
and enalapril (E) groups who had 22 se- 
rum creatinine values recorded after base- 
line. Values are mean + SEM. *p <0.05; 
**p <0.01; ***p <0.001 compared with 
baseline (paired t test). 


~ 
> 
© 
È 
= 
w 
v 
£ 
z 
= 
ow 
Q 
w 
O 
E 
= 
d 
O 
V) 


NUMBER OF PATIENTS 


FIGURE 4. Frequency distribu- 

tion of absolute maximal change 

in serum creatinine (i.e., differ- 
recorded 


level for placebo [top] and enala- 
pril [bottom] groups). 
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TABLE lf Data from Time of Maximal Serum Creatinine Value 
in Enalapril Group 


Tertiles of % A Serum Creatinine 



































Low Middle 
(n = 41) (n = 41) 


High 





Maximal % A serum creati- 
nine 


Range —24-8.0 8.5-31 32-436 
Median -3 19 68 
Maximal serum creatinine 137 +6 144+6 267 + 23* 
(mol/L) 
Range 80-244 81-251 90-783 
Median 130 137 219 
Blood pressure at maximal 
serum creatinine 
(mm Hg) 
Systolic H223 109 +3 1054-3 
Diastolic 7022 10: 27 64 + 2* 
Mean arterial 88 + 2 B33 £2 78 + 27 
Treatment at maximal se- 
rum creatinine 
Enalapril (mg/day) 16:22 15 +2 13’+.2 
Range (2.5—40) (2.5—40) (2.5—40) 
Median 10 10 20 
Furosemide (mg/day) 174+ 21 2932 4 51 281 + 594 
Range (80-750) (20—1,500) (40-—2,250) 


Median 160 





*p <0.001; tp <0.01; tp <0.05 compared with low tertile (analysis of variance 
used for blood pressure variables; Mann-Whitney U test used for other variables). 

Data are mean + SEM. 
Abbreviation as in Table l. 


Variables related to increase in serum creatinine: 
UNIVARIATE ANALYSIS: Data from patients who had their 
maximal serum creatinine level within 6 weeks after the 
initiation of enalapril therapy were analyzed to find ex- 
planations for the increase in serum creatinine in the 
enalapril group. Of the 90 patients who had 21 serum 
creatinine value in the data base after baseline, there 
were 3 patients with severe intercurrent diseases (septi- 
cemia with endocarditis, pulmonary emboli and severe 
diarrhea) who were excluded from the analysis, which 
thus included 87 patients. 

Clinical variables of anticipated importance for the 
increase in serum creatinine from baseline were related 
to the maximal change in serum creatinine. The maxi- 
mal percentage and absolute change in serum creatinine 
correlated inversely to the baseline diastolic blood pres- 
sure (R = —0.285, p = 0.0081; and R = —0.277, p= 
0.01, respectively) but not to systolic or mean arterial 
pressure, age, weight, serum sodium, potassium or cre- 
atinine (Figure 5), creatinine clearance, plasma levels of 
norepinephrine and angiotensin II, the dose of furose- 
mide at baseline or of enalapril, furosemide or spirono- 
lactone at the time of the maximal increase in serum 
creatinine. 

The maximal absolute increase in serum creatinine 
correlated negatively to the blood pressure measured at 
the time of the maximal serum creatinine level (systolic 
blood pressure: R = —0.235, p = 0.03; diastolic blood 
pressure: R = —0.539, p <0.0001; and mean arterial 
pressure: R = —0.478, p <0.0001) (Figure 6); the maxi- 
mal percent increase in serum creatinine was also signif- 


icantly and negatively correlated to the same blood 
pressures. The increase in serum creatinine was related 
to the absolute blood pressure level, but not to the mag- 
nitude of blood pressure reduction from the baseline lev- 
el. The sliding mean value curve in Figure 6 (which did 
not include the patient with the highest increase in se- 
rum creatinine) showed that serum creatinine appeared 
to increase more steeply with decreasing blood pressure 
at mean arterial pressure levels below approximately 75 
mm Hg than at higher blood pressure levels. Further- 
more, hypotension (mean arterial pressure <75 mm Hg 
or diastolic blood pressure <60 mm Hg) at the time of 
the highest serum creatinine value occurred 7 times as 
frequently in the high tertile as in the low one. How- 
ever, hyponatremia (<135 mmol/liter), reduced kidney 
function (creatinine clearance <40 ml/min), high age 
(>75 years) at baseline or high doses of diuretics (furo- 
semide >240 mg/day or both furosemide and spirono- 
lactone) at the time of the highest serum creatinine level 
did not occur more frequently in the high tertile than in 
the low one. 

INFLUENCE OF MULTIPLE FACTORS: To evaluate the im- 
pact of multiple factors on the percent increase in serum 
creatinine, a stepwise multiple regression analysis was 
performed using ranking of the absolute change in se- 
rum creatinine as the dependent variable. Independent 
variables were age, weight, serum sodium, potassium 
and creatinine, creatinine clearance, plasma angiotensin 
II and norepinephrine, the doses of furosemide and spi- 
ronolactone, blood pressures at baseline, and the blood 
pressure and doses of enalapril, furosemide and spirono- 
lactone at the time of the highest serum creatinine level. 
Diastolic blood pressure at the time of the maximal se- 
rum creatinine level was strongly correlated to the per- 
cent increase in serum creatinine (p <0.0001), with a 
determination coefficient of 0.256. The dose of furose- 
mide on the first day of the trial and at the time of the 
maximal serum creatinine value also entered the regres- 
sion model, but these variables only increased the deter- 
mination coefficient to 0.315 and thus had a negligible 
explanatory influence. The other independent variables 
did not enter the regression model. 


DISCUSSION 

This study demonstrated that enalapril treatment in 
patients with severe congestive heart failure was well- 
tolerated by most patients and was associated with an 
average increase in serum creatinine of 10 to 15% great- 
er than the baseline level. 

However, serum creatinine is not a precise measure 
of renal function, because it is influenced by body size, 
sex and age. To get a better index of the glomerular 
filtration rate, creatinine clearance at baseline was cal- 
culated according to a formula that takes sex, age and 
body weight into consideration and gives a good predic- 
tion of measured endogenous creatinine clearance.® This 
may overestimate the true glomerular filtration rate, be- 
cause creatinine is excreted not only by glomerular fil- 
tration but also by tubular secretion. In some studies of 
renal function in patients with heart failure, blood urea 
nitrogen has been measured and appeared to reflect re- 
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PLACEBO GROUP 


Maximal A serum creatinine (umol/I) 


FIGURE 5. Maximal absolute change (A) 
in serum creatinine from baseline level 
during first 6 weeks of enalapril treatment 
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FIGURE 6. Absolute maximal change in 
serum creatinine from baseline level (A se- 
rum creatinine) in relation to mean arterial 
pressure (MAP) measured at time of max- 
imal level in serum creatinine for same pa- 
tients as in Figure 5. Sliding mean value 
curve describes how mean value of A se- 
rum creatinine changes when mean arteri- 
al pressure changes. R = Spearman’s cor- 
relation coefficient. 
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nal function better than did serum creatinine.'! In the 
present study, the average creatinine clearance was ap- 
proximately 50% the predicted normal value, and the 
individual creatinine clearance values were often overes- 
timated by the serum creatinine level, especially in pa- 
tients with serum creatinine levels within the normal 
range. Impairment of renal function at baseline was an- 
ticipated in these generally old (mean age 70 years) pa- 
tients with the most severe congestive heart failure 
(functional class IV), because the glomerular filtration 
rate is more reduced with age in patients with severe 
heart failure than in normal subjects. !? 

Glomerular filtration is dependent on renal blood 
flow,'2 which is proportionally more reduced than is 
cardiac output in heart failure! and may be reduced to 
30 to 50% (or more) of normal in severe heart fail- 
ure.'!-!3 Renal blood flow is normally autoregulated 
down to a mean arterial pressure of 70 to 80 mm Hg, 
below which it becomes directly pressure dependent.!*:!° 
The glomerular filtration rate deteriorates less than re- 
nal blood flow in heart failure because of an autoregula- 
tory vasoconstriction of the efferent glomerular arteri- 
ole, which is mediated by angiotensin II.4 The filtered 
fraction of renal plasma flow thereby increases. The 
marked reduction of renal blood flow in severe conges- 
tive heart failure is accompanied by an excessive in- 
crease in renal vascular resistance,'!:!? which results 
from vasoconstrictive effects of enhanced activity of the 
sympathetic nervous system and the renin-angiotensin 
system.° 

In addition to reduction of renal perfusion pressure 
and flow, the renin-angiotensin system in severe heart 
failure is activated by increased sympathetic nervous ac- 
tivity and decreased sodium delivery to the distal renal 
tubule, and is further stimulated by diuretic therapy.° 
Angiotensin II may induce afferent arteriolar vasocon- 
striction, but preferentially constricts efferent arte- 
rioles4!5-16; it may also facilitate the renal vasoconstric- 
tive effects of the sympathetic nervous system and pro- 
mote sodium and water reabsorption both by stimula- 
tion of aldosterone and vasopressin secretion and by a 
direct action on the proximal tubule. The activity of 
both the sympathetic nervous and renin-angiotensin sys- 
tems was markedly increased in patients in this study,’ 
in accordance with previous studies of patients with se- 
vere congestive heart failure conventionally treated with 
diuretics.!7:!8 

Renal perfusion in congestive heart failure is also in- 
fluenced by other neurohormonal and local factors such 
as vasopressin, prostaglandins, thromboxane and atrial 
natriuretic peptide. The renal vasodilating effect of re- 
nal prostaglandins is important in counteracting renal 
vasoconstriction in severe heart failure, and administra- 
tion of prostaglandin synthesis inhibitors may induce se- 
vere impairment of renal function.!9 

Treatment with ACE inhibition in congestive heart 
failure may improve renal perfusion by reversing the va- 
soconstriction of preglomerular and in particular post- 
glomerular resistance, and promoting diuresis and natri- 
uresis by attenuation of proximal tubular sodium and 
water reabsorption, and by suppression of aldosterone 
and vasopressin secretion.*!*29 Therefore, ACE inhibi- 


tion may improve renal function and water and salt ex- 
cretion in patients with heart failure.!8.2!,22 

In this study, enalapril therapy induced an average 
increase in the serum creatinine level of 10 to 15% or 
approximately 10 to 20 wmol/liter above baseline. The 
increase in serum creatinine usually occurred within the 
first 2 to 3 weeks; thereafter the serum creatinine level 
was stable, with a tendency to a further increase after 6 
months of treatment. This late increase may either be 
due to the treatment per se or reflect the natural course 
of the disease. The latter seems probable, because there 
was a tendency toward a late increase in serum creati- 
nine in the placebo group as well. 

There was a reduction in serum creatinine in 24% of 
patients in the enalapril group. The maximal increase in 
serum creatinine was <30% more than the pretreatment 
level in 41% of patients and >30% more than that in 
35% of patients. Thus, the maximal increase in serum 
creatinine was not >30% of the baseline level in 65% of 
patients, despite the rather high doses of enalapril used 
in this study (mean 17 mg) and the advanced heart fail- 
ure. Serum creatinine increased to higher levels in 
a subset of patients. An analysis of patients with a 
marked increase of the maximal serum creatinine level 
(>100% more than baseline) revealed the presence of 
complications such as intercurrent disease (e.g., severe 
diarrhea, pulmonary emboli or septicemia) and marked 
hypotensive reactions in most of these patients. The in- 
crease in serum creatinine was usually curtailed by re- 
duction of the dose of either diuretics or enalapril, or 
both, and a return toward the pretreatment serum cre- 
atinine levels was usually observed. During treatment 
with enalapril in severe congestive heart failure, a mod- 
erate increase in serum creatinine is an acceptable 
trade-off, if the serum creatinine increase can be limited 
to an acceptable level (i.e., <30% more than pretreat- 
ment level). 

The analysis of factors of possible importance for the 
increase in serum creatinine was restricted to the first 6 
weeks of the study, during which time the influence of 
the baseline status would still be significant. The blood 
pressure level at the time of the maximal serum creati- 
nine level was the most important clinical variable ex- 
plaining the maximal increase in serum creatinine. This 
relation appeared to be curvilinear with a greater in- 
crease in serum creatinine below than above a mean 
arterial pressure of approximately 75 mm Hg. Because 
of its relatively greater reduction of post- than pre- 
glomerular resistance, ACE inhibition may lead to re- 
duction of renal function in congestive heart failure 
when overall renal perfusion is reduced at mean arterial 
pressures <70 to 80 mm Hg (as in some of our pa- 
tients), since the autoregulation of the glomerular filtra- 
tion rate then becomes dependent on an activated renin- 
angiotensin system.?>-?8 Thus, patients on enalapril with 
low blood pressure appeared to become pressure-depen- 
dent for the regulation of the glomerular filtration rate. 
Therefore, the value of reducing systemic vascular resis- 
tance has to be balanced against the effects on blood 
pressure and renal function. Although hypotensive pa- 
tients with heart failure treated with ACE inhibitors 
may have no cerebral symptoms (which may be ex- 
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plained by resetting of the autoregulation of cerebral 
blood flow),292° their tolerance to ACE inhibitors 
should also be evaluated from renal function. 

Other factors such as age, baseline levels of serum 
sodium, plasma angiotensin II, plasma norepinephrine 
and the dose of enalapril were not related to the maxi- 
mal increase in serum creatinine, and the dose of furose- 
mide received at baseline or later had only negligible 
influence on the maximal increase in serum creatinine 
in the multivariate regression analysis of the entire ena- 
lapril group. This does not exclude the possibility that 
some of the studied factors alone or together may have 
influenced renal function. It is also likely that the fac- 
tors contributing to increases in serum creatinine are 
more complex than indicated in these analyses. 

The risk of deterioration of the renal function after 
treatment with ACE inhibition is enhanced when the 
renin-angiotensin system is excessively stimulated (e.g., 
plasma volume reduction, dehydration, salt loss, diar- 
rhea, sodium depletion, concomitant renal artery steno- 
sis and after intensive diuretic treatment). In the clinical 
situation, it is therefore important to identify patients at 
risk for more pronounced deterioration of renal func- 
tion. 

Based on this and previous studies, we recommend 
that low starting doses of enalapril be used in patients 
with severe heart failure expected to have excessive 
stimulation of the renin-angiotensin system and in those 
with marked reduction of the glomerular filtration rate 
who may have serum creatinine within the normal 
range. Therefore, serum creatinine should be checked 
within a week of initiation and after each increase of 
enalapril therapy. Further checks are needed until se- 
rum creatinine has stabilized at an acceptable level and 
later in situations of excessive stimulation of the renin- 
angiotensin system. Treatment with prostaglandin syn- 
thesis inhibitors should be avoided. Doses of diuretics 
should be reduced before initiation of ACE inhibition in 
patients with severe heart failure and later if serum cre- 
atinine increases more than is acceptable or if hypoten- 
sion develops. 
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Detection of Skeletal Muscle Fatigue in Patients 
with Heart Failure Using Electromyography 


John R. Wilson, MD, Donna M. Mancini, MD, and Michael Simson, MD, 
with the technical assistance of Andrea Rein, RN, and Laura Farrell, RN 


Patients with heart failure frequently report that 
leg fatigue limits maximal exercise capacity. How- 
ever, objective documentation of muscle fatigue 
has not been obtained in such patients. In normal 
subjects, muscle fatigue during constant work 
load exercise is associated with an increase in 
electrical activity generated per contraction due to 
use of additional muscle fibers to compensate for 
fiber fatigue. The present study was performed to 
determine if this approach can be used to docu- 
ment muscle fatigue in patients with heart failure. 
Vastus lateralis surface electromyograms were 
monitored in 8 ambulatory patients with nonede- 
matous heart failure and 6 normal subjects during 
maximal bicycle exercise (20 W increments every 
2 minutes). The electromyogram was stored on 
tape and subsequently analyzed for integrated 
root-mean-square voltage/contraction (IRMSV). 
At each work load, the IRMSV of the first and last 
30 seconds of the work load were compared. The 
maximal work load achieved by patients with 
heart failure was significantly lower (73 + 22 W) 
than that by normal subjects (150 + 15 W; p 
<0.01). Both groups had no significant difference 
between the initial and final iIRMSV at submaxi- 
mal work loads. However, during the 2 highest 
work loads, both groups reported leg fatigue and 
had significant increases in IRMSV, consistent 
with muscle fiber fatigue (maximal work load: 259 
+ 59 to 279 + 58 mv: ms [normals] vs 258 + 94 
to 283 + 93 mv: ms [heart failure}; p <0.03). 

The data indicate that the surface electromyo- 
gram can be used to detect skeletal muscle fatigue 
in patients with heart failure. This approach pro- 
vides an objective method of assessing exertional 
fatigue in such patients and may be useful for as- 
sessing the efficacy of therapeutic interventions. 

(Am J Cardiol 1992;70:488-493) 
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latory patients with nonedematous heart failure 

is frequently reduced.'* In most cases, patients 
report that this exercise intolerance is due to the sensa- 
tion of leg fatigue. However, objective documentation of 
skeletal muscle fatigue in these patients was not previ- 
ously reported. 

In normal subjects, muscle fatigue during constant 
work load exercise is associated with an increase in elec- 
trical activity generated per contraction, probably due 
to use of additional muscle fibers to compensate for fi- 
ber fatigue.°-’ During isometric exercise, fatigue is also 
associated with a shift in the centroid frequency of the 
electromyogram to lower frequencies.>. 

The present study was performed to determine if 
these electromyographic changes occur in patients with 
heart failure; such changes would support the presence 
of muscle fatigue. Accordingly, we examined the effect 
of maximal bicycle exercise on the surface electromyo- 
gram in 8 patients with chronic heart failure and in 6 
normal subjects. 


Ts maximal aerobic exercise capacity of ambu- 


METHODS 

Fight ambulatory male patients (age 61 + 10 years) 
with chronic heart failure for 21 year and 6 normal 
male subjects (age 49 + 10 years) were studied. All 
patients had reduced left ventricular ejection fractions 
(mean 28 + 7%) and were receiving furosemide, digoxin 
and either an angiotensin-converting enzyme inhibitor 
or hydralazine plus isosorbide dinitrate. Left ventricular 
dysfunction was due to idiopathic cardiomyopathy in 3 
patients and to coronary artery disease in 5. No patient 
had exertional angina, peripheral edema or vascular dis- 
ease. All patients were unemployed and sedentary; none 
were enrolled in a cardiac rehabilitation program. All 
medications were continued during the study. The peak 
exercise oxygen consumption rates (VO) of patients 
and normal subjects averaged 15 + 4 and 30 + 7 ml/ 
min/kg, respectively (p <0.01). 

Subjects were studied 23 hours postprandially. Two 
silver-silver chloride electrodes were positioned 10 cm 
apart over the vastus lateralis muscle of the dominant 
leg. A ground electrode was placed over the lower abdo- 
men. Subjects then mounted a Monarch ergometer and 
were connected by a mouthpiece to a SensorMedics 
Metabolic Cart. Maximal exercise was performed be- 
ginning at a work load of 20 W, with subsequent 20 W 
increments every 2 minutes. The pedaling frequency 
was maintained at 40 rpm. 

The electromyogram signal was amplified by a 
Gould Universal Amplifier using 3 to 1,000 Hz band- 
pass filtering. All signals were stored on an analog FM 
data recorder (Hewlett-Packard 3964A). The electro- 
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myogram signal was then digitized using a Metra-Byte 
12-bit analog-to-digital converter and analyzed using 
Asystant Software package. 

Data obtained at each work load were analyzed in 2 
ways. First, the electromyograms from 3 sequential con- 
tractions taken from the last 30 seconds of each work 
load were obtained at a sampling frequency of 2,000 
Hz. A power spectral analysis was performed, and the 
centroid frequency was obtained. Second, to detect 
changes in the electrical activity acquired per contrac- 
tion, the electromyogram signals obtained during the 
first and last 30 seconds of each work load were pro- 
cessed by an Analog Device true rms-to-de converter 
(AD536A) (time constant 115 ms) and then obtained 
by the Asystant Software package at a sampling rate of 
150 Hz. This produced 2 data arrays for each work 
load, 1 from the first 30 seconds and 1 from the last 30 
seconds. Each array contained 20 contractions. 

To analyze these 2 arrays, the array obtained during 
the last 30 seconds was visually inspected to determine 
the average level of peak root-mean-square voltage not- 
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ed over the entire time period (Figure 1). A level of 20% 
of this voltage was then used to define the onset and 
termination of each contraction. The area under each 
contraction curve was measured to obtain an integrated 
root-mean-square voltage (IRMSV). The duration of 
each contraction was also measured. Results from all 20 
contractions were then averaged. 

This same procedure was used to analyze the data 
array collected during the initial 30 seconds of the work 
load, using the same voltage cutoff as for the last 30- 
second array. The iRMSV measured during the initial 
and terminal 30 seconds of each work load were then 
compared to detect increases in voltage needed to main- 
tain the work level. 

The anaerobic threshold was identified from respira- 
tory gases, using a previously described technique.’ 

Statistical analysis: All data are expressed as mean 
+ SD. A p value <0.05 was considered statistically sig- 
nificant. Changes in the centroid frequency over the en- 
tire exercise test were analyzed using repeated-measures 
analysis of variance. Changes in iRMSV between the 
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TABLE I Effect of Exercise on Heart Rate, Mean Arterial Blood Pressure and Systemic Peak Exercise Oxygen Consumption 


. . . . . 
’ 


Heart rate (beats/min) 
Normals 
Heart failure 

Mean BP (mm Hg) 
Normals 95 +11 
Heart failure 92+8 

VO2 (ml/min) 
Normals 
Heart failure 


87 +6 
92 +12 


95+9 
106 + 14 


103 + 7 
121 + 20 


104 + 12 
106 +9 


101+9 
95+ 10 


734 + 158 
729 + 157 


316 + 57 
264 + 72 


*p <0.03; tp <0.01 versus normals. 


523 + 147 
553 + 104 


114 £9 
135 + 20 


107 +15 
114+7 


1,025 + 196 
977 + 192 


Work Load 


Maximal-20 


Maximal 


132 + 10 153 + 14 


128 + 27 


16/7 &:15 
145 + 25 


tee £ 13 


127+4 
108 + 17* 


115 +:13 119+7 137 +5 


LTO: + 15* 
1,149 + 149 


1413+ 256 1,664 + 433 


863 + 272t 


2,065 + 382 
1,072 + 325T 


Maximal work load was highest work load achieved; Maximal-20 was that immediately before highest work load. 


BP = blood pressure; VO2 = peak exercise oxygen consumption rate. 






TABLE Il Effect of Exercise on Centroid Frequency 


Normals 60+12 61+7 59247 64+7 57+4 
CHF 50+8 52+7 49+9 50211 49210 


No significant change in centroid frequency was noted in either group. 
CHF = congestive heart failure. 




















beginning and end of each work load were compared 
using paired ¢ testing. 


RESULTS 

Normal subjects: Normal subjects were able to exer- 
cise to a peak exercise VO, of 30 + 7 ml/min/kg and a 
peak work load of 150 + 15 W (Table I). Subjects 
achieved the anaerobic threshold at 52 + 9% of peak 
exercise VO». Exercise was terminated owing to leg fa- 
tigue. The initial centroid frequency was 60 + 12 Hz 





and remained unchanged over the entire exercise period 
(Table IT). 

Results of the analysis of the iRMSV are summa- 
rized in Table III and Figures 2 and 3. With increasing 
work loads, iRMSV increased progressively, consistent 
with increased muscle activation. Up to work loads of 
100 W, iRMSV during the initial and final 30 seconds 
of the work load were not significantly different (Table 
III). However, during the work load immediately before 
the maximal workload, iRMSV increased from 203 + 
61 to 218 + 69 mv - ms (p <0.03). At maximal work 
load, iRMSV increased from 259 + 59 to 279 + 58 
mv - ms (p <0.03). These changes are illustrated in Fig- 
ure 2; to normalize for differences in the absolute 
iRMSV at each work load, changes are presented as 
percent change in iRMSV over the work load. 

Absolute changes in iRMSV in 3 control subjects 
are shown in Figure 3. The iRMSV during the first 30 
seconds of the work load was subtracted from that dur- 


TABLE Ill Integrated Root-Mean-Square Voltage/Contraction (mv > ms) in Normal Subjects 


Subject 1 
Initial 81 
Final 81 

Subject 2 
Initial 71 
Final 65 

Subject 3 
Initial 
Final 

Subject 4 
Initial 
Final 

Subject 5 
Initial 
Final 

Subject 6 
Initial 
Final 

Mean 
Initial 
Final 


156 
140 


148 
155 


102 
115 


126 
137 


69 94 
56 91 


109 + 35 
108 + 35 


58+11 84+ 32 
$1215 83231 


*p <0.05 versus initial. 


144 + 37 
144 + 39 


Work Load 


80 100 Maximal-20 Maximal 


224 
235 


176 
202 


124 
109 


146 
145 


229 
ear 


188 
202 


100 
100 


120 
124 


315 
346 


378 
386 


198 
200 


236 
234 


218 
232 


235 
241 


179 
178 


236 
218 


242 
249 


242 
249 


138 
142 


138 
142 


246 
307 


180 
187 


180 
187 


246 
307 


196. + 36 ..203'+ 61 
194+56 218+ 69* 


259 + 59 
279. + 58* 


Maximal was highest work load achieved; Maximal-20 was that immediately before highest work load. 
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FIGURE 2. Percent changes in integrated 
root-mean-square voltage/contraction 
(IRMSV) during each work load. Percent 
change was determined by dividing abso- 
lute change in IRMSV noted over work 
load by initial IRMSV. HF = heart failure. 


% CHANGE IN iRMSV 





O 20 40 60 80 100 120 140 160 


NORMAL SUBJECTS 


A iRMSV/CONTRACTION 
(mV - msec) 


z 

O 

s 

On 
Oo 
© 

ei 

at 

S> 

ne 

= 

x 

< 


A iRMSV/CONTRACTION 
(mV - msec) 


60 80 100 120 140 160 180 40 60 80 100 120 140 160 180 
WORKLOAD (watts) WORKLOAD (watts) 





FIGURE 3. Changes in integrated root-mean-square voltage (A IRMSV)/contraction in 3 normal subjects and 3 patients with 
heart failure. The IRMSV/contraction did not increase in normal subjects until work loads of 120 to 140 W were achieved. In 
contrast, IRMSV/contraction increased at much lower work loads in patients. 
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TABLE IV Integrated Root-Mean-Square Voltage/Contraction (mv - ms) in Heart Failure 
Patients 


Patient 1 
Initial 
Final 

Patient 2 
Initial 
Final 

Patient 3 
Initial 
Final 

Patient 4 
Initial 
Final 

Patient 5 
Initial 
Final 

Patient 6 
Initial 
Final 

Patient 7 
Initial 
Final 

Patient 8 
Initial 


89 
85 


91 
109 


43 


Final _54 
Mean 


Initial 83+24 187+111 176+ 87 


Work Load 


Maximal-20 Maximal 


331 
377 


243 243 
273 — 273 


Llo 232 232 
187 241 241 


211 — 211 
209 — 209 


131 — 131 
148 148 


300 — 300 
331 — 331 


430 
435 


43 181 
54 250 


L37 95 258 + 94 


Final 75+20 202+118 198+ 193* 157+ 60* 283 + 93t 


*p <0.05; tp <0.02 versus initial. 


Maximal was highest work load achieved; Maximal-20 was that immediately before highest work load. 


ing the last 30 seconds to calculate changes in iRMSV. 
During the last 2 work loads, increases in iRMSV were 
noted in all 3 subjects. 

Heart failure: Patients with heart failure were only 
able to exercise to a maximal work load of 73 + 22 W 
and a peak exercise VO> of 15 + 4 ml/min/kg (both p 
<0.01 N) (Table I). The anaerobic threshold occurred 
at 58 + 11% of peak exercise VO>. In all patients, leg 
fatigue was reported as the primary reason for discon- 
tinuing exercise. However, all patients also experienced 
some level of exertional dyspnea. 

In patients with heart failure, i1RMSV increased pro- 
gressively with increasing work loads, as in normal sub- 
jects. At a work load of 20 W, iRMSV was significantly 
higher in patients than in normal subjects (Table IV). 
At maximal exercise, iRMSV was comparable in both 
groups, even though the external work loads in patients 
were markedly lower than in normal subjects. 

During exercise, the centroid frequency of the elec- 
tromyogram remained unchanged (Table II). However, 
the average centroid frequency in patients (50 + 8 Hz) 
was significantly lower than in normal subjects (60 + 6 
Hz) (p <0.03). 

During exercise loads <50% of the maximal work 
load, there was no change in iRMSV. During the work 
load immediately before the maximal work load, 
iRMSV increased from 137 + 55 to 157 + 60 mv - ms 





(p <0.04) (Table IV). During maximal work load, 
iRMSV increased from 258 + 94 to 283 + 93 mv- ms 
(p <0.02). These changes are presented as percent 
changes in iRMSV in Figure 2. 

Changes in the absolute level of iRMSV in 3 pa- 
tients are shown in Figure 3. In all 3 patients, iRMSV 
increased during the 2 highest work loads. The degree 
of change in iRMSV was usually greater in patients 
with heart failure than in normal subjects (Figure 3). 


DISCUSSION 

Although ambulatory patients with chronic heart 
failure frequently report that leg fatigue limits their 
maximal exercise capacity,'* objective documentation 
of muscle fatigue in these patients was not previously 
obtained. The present study was performed to deter- 
mine if the surface electromyogram can be used to pro- 
vide such information. 

Two methods of analysis were used to detect elec- 
tromyographic evidence of muscle fatigue: changes in 
root-mean-square voltage required per contraction and 
changes in the centroid frequency or average firing fre- 
quency of motor units. The increase in root-mean- 
square voltage appears to be due to activation of addi- 
tional muscle fibers to compensate for fatiguing fibers 
and to increased firing frequency of already recruited 
fibers.° Shifts in the centroid to lower frequencies have 
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been observed during isometric exercise,>° probably due 
to synchronization of electromyogram signals and to 
changes in conduction velocity.>° 

In normal subjects, iRMSV at the beginning of each 
work load increased progressively as the work load in- 
creased, consistent with activation of a progressively 
larger muscle mass. At low work loads, the level of 
iRMSV remained relatively constant throughout the 
work load, suggesting that the work load could be main- 
tained for the entire 2-minute period without the need 
for additional fiber activation. However, at the highest 
work load and the work load immediately before this 
maximal load, there were significant increases in 
iRMSV consistent with activation of additional muscle 
to compensate for fiber fatigue. In contrast, the centroid 
frequency remained unchanged throughout the entire 
exercise test. 

These findings are similar to those previously found 
by Petrofsky.’ Petrofsky evaluated the root-mean- 
square amplitude of the vastus lateralis surface electro- 
myogram and the center frequency of the electromyo- 
gram power spectra during various levels of constant 
load bicycle exercise. Muscle fatigue was accompanied 
by an increase in the root-mean-square amplitude; how- 
ever, there was no change in the centroid frequency, 
possibly because the decrease in centroid frequency due 
to fatigue was offset by an increase in centroid frequen- 
cy due to muscle warming. 

Our patients with heart failure had reductions in 
maximal exercise capacity comparable to those ob- 
served previously by us and other investigators.'? Exer- 
cise was terminated at a peak exercise VO» below the 
normal level owing to perceived leg fatigue. The anaero- 
bic threshold also occurred at a reduced peak VO: con- 
sistent with early release of lactate from muscle. The 
timing of the threshold relative to the peak exercise VO 
(58 + 11%) was similar to that observed in normal sub- 
jects. 

At low work loads, iRMSV unchanged during the 
entire work load. As in normal subjects, iRMSV in- 
creased significantly during both the maximal work 
load and the preceding work load. Thus, patients with 
heart failure had electromyographic changes similar to 
those observed in normal subjects, but at markedly low- 
er work loads. 

During exercise in patients with heart failure, 
changes in iRMSV were not associated with a change 
in centroid frequency. However, the average centroid 
frequency in patients was significantly lower than in 
normal subjects, possibly due to intrinsic muscle 
changes that alter muscle conduction or fiber activation, 
or both. We and other investigators have demonstrated 
a variety of skeletal muscle biopsy changes in patients 
with heart failure, including an increase in type IIB fi- 


bers and fiber atrophy.** Centroid frequency shifts were 
previously reported in patients with myopathies,”!° but 
these shifts have been toward higher frequencies. 

The presence of an increase in iRMSV at peak exer- 
cise in patients with heart failure indicates a decrease in 
neuromuscular efficiency, consistent with muscle fa- 
tigue. Therefore, results of this study provide objective 
support for the concept that muscle fatigue limits the 
maximal exercise capacity of ambulatory patients with 
heart failure. 

The mechanism responsible for the altered neuro- 
muscular efficiency cannot be determined from this 
study. The primary contributor is likely to be abnormal 
muscle metabolism due to muscle underperfusion and 
intrinsic muscle changes, such as muscle atrophy.!34 
Impaired muscle membrane excitation or abnormal re- 
cruitment patterns, or both, also could have a role. 

Could the electromyographic changes observed in 
this study be used in patients with heart failure to detect 
fatigue and evaluate the effect of therapeutic interven- 
tions? Further studies are needed to address this issue. 
The absolute change in iR MSV observed in our patients 
was small. Given these small voltage changes, the use of 
the surface electromyogram to detect modest changes in 
muscle fatigue in individual patients may be limited. 
However, the technology may provide a useful new 
method of monitoring changes in muscle fatigue in pa- 
tient populations. 
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Effectiveness of Endopeptidase Inhibition 
(Candoxatril) in Congestive Heart Failure 


Dietmar Elsner, MD, Andreas Müntze, MD, Eckhard P. Kromer, MD, 
and Günter A. J. Riegger, MD 


Candoxatril is a novel, orally active inhibitor of 
neutral endopeptidase EC 3.4.24.11, the enzyme 
that degrades atrial natriuretic peptide (ANP). The 
acute and chronic (10 days treatment) hemody- 
namic and hormonal effects of candoxatril (150 
mg twice daily) in 12 patients with moderately se- 
vere congestive heart failure were investigated in 
a randomized, placebo-controlled, double-blind 
study. On study day 1, candoxatril acutely in- 
creased plasma ANP levels, suppressed aldoste- 
rone and decreased right atrial and pulmonary 
capillary wedge pressures. After 10 days of treat- 
ment, basal ANP was increased and basal aldoste- 
rone was decreased. Body weight was reduced, 
most likely reflecting chronic natriuretic or diuret- 
ic effects, or both, and there was a trend toward 
increased cardiac index and reduced preload val- 
ues. On study day 10, the acute effects of candox- 
atril were similar to those on day 1 (i.e., ANP was 
further increased, aldosterone was suppressed, 
and right and left ventricular filling pressures 
were decreased). Thus, candoxatril may offer a 
new and effective therapeutic approach in the 
treatment of heart failure. 

(Am J Cardiol 1992;70:494-498) 
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exerts beneficial hemodynamic, hormonal and 

renal effects in patients with congestive heart fail- 
ure,'~> but its clinical use is limited by the need of intra- 
venous application. Therefore, orally active ANP ana- 
logs or inhibitors of ANP degradation have been 
searched for. Recently, the neutral metalloendopepti- 
dase EC 3.4.24.11 has been identified as the major 
ANP degrading enzyme,” which cleaves ANP 99-126 
at the cys!>-phe! bond. Inhibition of endopeptidase by 
(+)-candoxatrilat in animals? and normal volun- 
teers”! results in enhanced plasma ANP concentra- 
tions producing effects similar to low-dose ANP infu- 
sion. Beneficial acute hemodynamic and renal effects of 
(+)-candoxatrilat, a compound requiring intravenous 
infusion, have been reported in patients with heart fail- 
ure.”!! Recently, the oral prodrug candoxatril has been 
developed, which is hydrolyzed to release the active en- 
dopeptidase inhibitor (+)-candoxatrilat. This new drug 
might promise a novel and feasible approach in heart 
failure therapy, but so far its effectiveness has not been 
demonstrated in patients. Therefore, in a placebo-con- 
trolled, double-blind study we tested the effects of acute 
and prolonged inhibition of EC 24.11 by candoxatril in 
patients with congestive heart failure. 


A pplication of atrial natriuretic peptide (ANP) 


METHODS 

This investigation was a randomized, placebo-con- 
trolled, double-blind study, approved by the hospital’s 
ethics committee. After giving informed consent, 12 pa- 
tients (10 men, 2 women), aged 34 to 71 years, with 
stable functional classes II and III congestive heart fail- 
ure according to the New York Heart Association crite- 
ria and an ejection fraction of <45% and >20% took 
part. Of these patients 4 had coronary artery disease, 
and 8 had idiopathic dilated cardiomyopathy. All pa- 
tients had normal renal function and were clinically and 
hemodynamically stable. 

Study protocol: Six days before commencing the 
study, all medication except for digitalis, diuretics and 
warfarin was discontinued. The dose of diuretics was 
kept constant throughout the study. The patients were 
kept on a normal diet with normal sodium intake. Three 
days before the study, a thorough clinical examination 
and routine laboratory tests were performed before 
starting a 2-day placebo run-in phase. One day before 
the study, basal laboratory and clinical parameters in- 
cluding body weight were assessed and a bicycle exer- 
cise test was performed. Starting at 25 W, the work 
load was increased by 25 W every 120 seconds until the 
standard end points, i.e., dyspnea and fatigue, were 
reached. On study day 1 at 7:30 aM., right-sided cardi- 
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ac catheterization was performed from the right or left 
antecubital vein using a 7Fr Swan-Ganz thermodilution 
catheter with the patients in a fasted state and in supine 
position. After a resting period of 30 minutes, hemody- 
namic measurements were performed and blood was 
sampled from the pulmonary artery for hormone deter- 
minations. Then the patients took 3 capsules of either 
50 mg candoxatril (Pfizer, Sandwich, United Kingdom) 
or of placebo. Thirty, 60 and 90 minutes thereafter, he- 
modynamic measurements and blood sampling were re- 
peated. After the last measurement, the catheter was 
removed. Two, 3 and 4 hours after drug administration 
blood was taken from an indwelling cannula in a fore- 
arm vein for determination of ANP levels. The patients 
took either placebo or 150 mg of candoxatril at 8 A.M. 
and 8 po. for the next 10 days. On study day 5, routine 
laboratory tests were performed and body weight taken. 
On day 10 at 7:30 AM, another right-sided cardiac 
catheterization was performed, i.e., the baseline values 
were determined 12 hours after the previous evening 
dose. Thereafter, another dose of the drug or placebo 
was given and the identical protocol as on day 1 was 
applied. On study day 11, body weight was measured 
and blood sampled for routine measurements in a fasted 
state and, 2 hours after the morning dose of placebo or 
candoxatril, a bicycle stress test was performed as previ- 
ously described. This ended the study. 

Measurements: Systolic and diastolic arterial pres- 
sures were determined with a standard sphygmoma- 
nometer and used to calculate mean arterial pressure by 
the standard formula. Pulmonary arterial, right atrial 
and pulmonary capillary wedge pressures were obtained 
using the Swan-Ganz catheter connected to a Statham 
P23 pressure transducer and recorded on a thermo- 
graph recorder. Cardiac output was determined in trip- 
licate by the thermodilution technique. Cardiac index, 
systemic and pulmonary vascular resistances were cal- 
culated using the standard formulas. 

Plasma levels of ANP, renin and aldosterone were 
measured by radioimmunoassay as previously de- 
scribed.!2 Plasma norepinephrine concentration was an- 
alyzed by high-performance liquid chromatography 
with electrochemical detection. Extraction from plasma 
was performed using the standard technique as de- 
scribed. !? 

Statistics: All values are expressed as mean + SEM. 
After a normal distribution of the assessed parameters 
was excluded using the Kolmogorov-Smirnov goodness- 
of-fit test, nonparametric procedures were applied. Dif- 
ferences within groups were analyzed using Wilcox- 
on matched pairs signed-rank test, and differences be- 
tween groups were analyzed using Mann-Whitney U- 
Wilcoxon rank sum W test.!4 Correlation coefficients 
were obtained by linear regression analysis (method of 
least-squares). Statistical significance was accepted at p 
<0.05. 


RESULTS 

The baseline characteristics of all 12 patients are 
listed in Table I. Consistent with a stage of moderately 
severe heart failure, left ventricular filling pressures and 
vascular resistances were increased, ejection fraction 


TABLE I Basal Values in the 12 Study Patients 


Age (years) 58.3 + 3.8 
Systolic arterial pressure (mm Hg) 120+5 
Diastolic arterial pressure (mm Hg) IS s 
Mean arterial pressure (mm Hg) 92 +3 
Systolic pulmonary artery pressure (mm Hg) 47+6 
Diastolic pulmonary artery pressure (mm Hg) 403 
Mean pulmonary artery pressure (mm Hg) 332 4 
Pulmonary capillary wedge pressure (mm Hg) 18 + 3 
Mean right atrial pressure (mm Hg) S£.2 
Heart rate (beats/min) 83 +4 
Ejection fraction (%) 33 +2 
Cardiac output (liters/min) 4.2+0.2 
Cardiac index (liters/min/m2) 2.3+0.1 
Systemic vascular resistance (dynes s cm-5) 1,702 + 125 
Total pulmonary resistance (dynes s cm-5) 667 + 100 
Pulmonary vascular resistance (dynes s cm-5) 317 + 48 
Oxygen saturation (pulmonary artery) (%) 63 +2 
Body weight (kg) 72.0 + 4.1 
Hormone plasma concentrations (with upper 
limits of the normal range in our laboratory) 
Atrial natriuretic peptide (pg/ml) 299 + 53 (50) 
Renin (ngAl/mi/hour) 4.8 + 1.1 (2.7) 
Aldosterone (pg/ml) 197 + 22 (125) 
Norepinephrine (pg/ml) 519 + 68 (250) 
Hematocrit (%) 40+2 
Total serum protein (g/dl) 7.0.2 0:2 





and cardiac index were decreased and plasma levels of 
ANP, renin, aldosterone and norepinephrine were ele- 
vated. ANP levels were significantly correlated to pul- 
monary capillary wedge pressures at baseline on study 
day 1 (r = 0.80, p <0.01) and inversely correlated to 
ejection fraction (r = —0.66, p <0.01). There was no 
significant difference in basal values between the place- 
bo group and the patients receiving candoxatril. 

Effects on atrial natriuretic peptide levels (Figure 
1): On day 1, candoxatril elevated ANP plasma levels 
by about threefold with the peak effect observed 90 
minutes after drug application. These changes were 
highly significant compared with both baseline and pla- 
cebo. ANP levels at baseline on day 10 (i.e., 12 hours 
after the last dose) were significantly elevated compared 
with basal values of day 1 (p <0.05) as well with place- 
bo. Candoxatril induced a further significant increase 
reaching similar values as on day 1. 

Acute effects (Figure 2): Aldosterone was signifi- 
cantly suppressed by candoxatril on both days 1 and 10. 
No changes in aldosterone levels were observed in the 
placebo group. There was a slight but significant de- 
crease in plasma renin concentration 60 minutes after 
candoxatril on day 1 (by 0.7 + 0.2 ngAI/ml/hour) and 
90 minutes after candoxatril on day 10 (by 1.2 + 0.9 
ngAI/ml/hour). However, similar changes were also 
found in the placebo group, which were not significant 
on day 1 but were significant 60 minutes after applica- 
tion on day 10 (decrease by 1.4 + 0.7 ngAI/ml/hour). 
Plasma norepinephrine was not affected by candoxatril 
or placebo. Candoxatril significantly reduced right atri- 
al and pulmonary capillary wedge pressures on both 
study days and reduced mean pulmonary artery pres- 
sure, but this change reached significance only on day 
10. Mean arterial pressure, heart rate, and systemic and 
pulmonary vascular resistances were not significantly 
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affected. Cardiac index was not changed by candoxatril 
on day 1, but was transiently decreased (by 0.4 + 0.1 
liters/min/m*; p <0.05) 30 minutes after administra- 
tion of candoxatril on day 10 returning to baseline val- 
ues at 60 minutes. There were no significant hemody- 
namic changes after placebo application. 
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FIGURE 2. Changes in plasma aldosterone concentration, 
(Aldo) and right atrial (RAP), mean pulmonary artery (PAP) 
and capillary wedge pressures induced by 
150 mg of candoxatril (solid lines) and placebo (dashed lines) 
in patients with heart failure. 


with 
between treatment and placebo: + p <0.05. 





FIGURE 1. Effects of candoxatril (solid 
lines) or placebo (dashed lines) on plasma 


doxatril (150 mg) or placebo. 
with 


treatment and placebo: +p <0.05; ++p 
<0.02. In the candoxatril group, baseline 
ANP concentrations on day 10 (i.e., 12 
hours after the last dosing) were signifi- 
cantly elevated compared with baseline on 
day 1 (p <0.05). 
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Chronic effects (Figure 3): In the candoxatril group 
there was a tendency toward lower basal pulmonary 
capillary wedge pressure on day 10, which was not sig- 
nificant, and for elevated cardiac index, which reached 
borderline significance (p = 0.08). Compared with base- 
line on day 1, basal aldosterone levels on day 10 were 
significantly suppressed, and basal renin and norepi- 
nephrine levels were unchanged. Candoxatril treatment 
significantly reduced body weight from 73.7 + 5.5 kg 
on day —1 to 72.2 + 5.2 kg on day 5 and to 71.8 + 4.1 
kg on day 11 (p <0.05). Hematocrit was significantly 
increased (from 39 + 2% on day —1 to 42 + 3% on day 
5; p <0.05), but returned to 39 + 3% on day 11. Simi- 
larly, total protein concentration was increased from 7.0 
+ 0.3 (day 1) to 7.4 + 0.2 g/dl (day 5) with borderline 
significance (p = 0.07) and was 7.1 + 0.3 on day 11. 
Exercise time was increased from 327 + 50 to 367 + 67 
seconds without reaching the level of significance. There 
were no chronic changes observed in the placebo group. 
Candoxatril was well tolerated by all patients, and no 
adverse effects were noted. 


DISCUSSION 

In patients with congestive heart failure, the new 
orally active endopeptidase inhibitor candoxatril mark- 
edly increased endogenous ANP plasma levels. After 10 
days of oral treatment, basal ANP concentrations were 
still elevated 12 hours after the last dose, demonstrating 
long-lasting effectiveness of candoxatril. Although in 
heart failure, ANP levels are increased at baseline and 
ANP effects are blunted,**+!? we observed significant 
biologic effects of the endopeptidase inhibitor. It cannot 
be totally excluded that enhancement of 1 or more po- 
tential substrates other than ANP might participate in 
the observed effects, since the neutral endopeptidase EC 
24.11 is also capable of in vivo cleavage of bradykinin, 
VIP, encephalin and substance P.'> However, the ef- 
fects of candoxatril in our study closely resemble those 
of exogenous ANP infusions in patients with heart fail- 
ure.>45 Pretreatment with ANP antisera in animals 
abolishes most of the renal and hemodynamic effects of 
endopeptidase inhibition by (+)-candoxatrilat,’ which is 
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the active form of the prodrug candoxatril. This indi- 
cates that the biologic effects of candoxatril are, at least 
for the greatest part, due to elevated ANP concentra- 
tions. 

Aldosterone was significantly suppressed by can- 
doxatril on both study days, which may be attributed 
to direct inhibitory effects of ANP on the adrenal 
glands.!6 Basal aldosterone plasma concentrations were 
significantly lowered after 10 days of treatment, docu- 
menting effectiveness of the long-lasting ANP eleva- 
tions. Candoxatril markedly decreased right and left 
ventricular filling pressures without affecting blood 
pressure and pulmonary and systemic vascular resis- 
tances. Possible mechanisms for this predominantly pre- 
load lowering effect include an increase in venous ca- 
pacitance due to direct venodilatory effects, an in- 
creased resistance to venous return, and a decrease in 
blood volume either due to diuretic and natriuretic ef- 
fects or a transcapillary fluid shift from plasma to ex- 
travascular compartments. 

After chronic treatment with candoxatril, we ob- 
served a trend toward a long lasting reduction in left 
ventricular preload and an increase in cardiac index. 
However, owing to the small sample size and to the rel- 
atively short duration of the trial, these changes did not 
reach statistical significance. In addition, there was a 
slight, but insignificant increase in total exercise time. 
Body weight was significantly and markedly reduced af- 
ter 10 days of treatment. Although other potential 
mechanisms cannot totally be excluded, this most likely 
reflects a negative fluid balance due to increased diure- 
sis or natriuresis, or both. Such effects have been dem- 
onstrated acutely after single doses of candoxatril in 
normal humans!’ and of (+)-candoxatrilat in patients 
with heart failure.'! A transient volume contraction was 
indicated by an increase in hematocrit on day 5, but 
was no longer observed on day 11. 
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(solid lines) or placebo (dashed lines) in pa- 
tients with heart failure. Body weight was 
measured on study days —1 and 11. Compar- 
ison within groups: *p <0.05. Comparison 
between groups: + p <0.05. 
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Compared with our study, in which elevations of en- 
dogenous ANP were induced, high doses of exogenous 
ANP decreased filling pressures and increased cardiac 
output in patients with heart failure,’° most likely due 
to a reduction in systemic vascular resistance. Natri- 
uretic and diuretic responses were observed in some”? 
but not all studies, possibly because of the different dos- 
ages used, and were markedly attenuated compared 
with responses in healthy control subjects.*> The strik- 
ing difference compared with our study is the decrease 
in systemic vascular resistance and subsequent increase 
in cardiac output, which was not observed in our pa- 
tients. In accordance with our results, candoxatril did 
not acutely affect afterload as determined by left ven- 
tricular hydraulic load in patients with heart failure.'* 
The most likely reason for this discrepancy is that very 
high ANP plasma levels may be required for arteriolar 
dilatation; these levels were 64 to 39 times” higher than 
basal values during the ANP infusion studies compared 
with the threefold elevations induced by candoxatril. It 
appears that even larger doses of candoxatril do not ele- 
vate ANP concentrations to levels sufficiently high to 
lower afterload.!® 

In healthy volunteers, candoxatril suppressed aldo- 
sterone and renin and increased natriuresis without af- 
fecting blood pressure,!’? which is consistent with our 
findings in patients with heart failure. Marked diuretic 
and natriuretic effects of endopeptidase inhibition were 
demonstrated in dogs with experimental heart failure, in 
which the renal effects of exogenously applied ANP 
were markedly attenuated.!? In agreement with our re- 
sults, a decrease in plasma renin activity and in pulmo- 
nary capillary wedge pressure have been observed after 
short-term administration of the endopeptidase inhibitor 
sinorphan in patients with heart failure.*? Short-term 
intravenous infusions of (+)-candoxatrilat in such pa- 
tients?! acutely increased ANP levels by about three- 
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fold (which is similar to the changes found in our 
study), reduced right and left ventricular filling pres- 
sures and increased diuresis and natriuresis. These re- 
sults support the indirect evidence in our study given by 
the reduction in body weight that chronic treatment 
with candoxatril may increase diuresis or natriuresis, or 
both, in patients with heart failure. 

In conclusion, endopeptidase inhibition by candoxa- 
tril exerts a beneficial profile of acute and chronic he- 
modynamic, hormonal and renal effects in patients with 
heart failure. Therefore, this drug may offer a new and 
effective therapeutic approach in the treatment of 
chronic congestive heart failure. 


Acknowledgment: The contribution of Bernd Ferstl 
to data collection is gratefully acknowledged. 
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CARDIOMYOPATHY 


Clinical Significance of Coronary Artery Disease 
in Hypertrophic Cardiomyopathy 


Ettore Lazzeroni, MD, Angelo Rolli, MD, Enrico Aurier, MD, and Giuseppe Botti, MD 


The role of coronary artery disease (CAD) in hy- 
pertrophic cardiomyopathy (HC) has not been 
thoroughly clarified. To assess the clinical and 
prognostic significance of these 2 coexistent dis- 
eases, 96 patients with HC (62 men, mean age 45 
years) who underwent coronary arteriography and 
2-dimensional echocardiography were studied. 
Significant stenosis (>70%) of 1 or more coronary 
arteries was detected in 11 patients, all aged >45 
years. This group, compared with the other group 
without significant CAD (n = 85), was character- 
ized by an older age (59 + 7 vs 42 + 15 years; p 
<0.05), a greater prevalence of previous myocar- 
dial infarction (24 vs 0%; p <0.001), complex ven- 
tricular arrhythmias (100 vs 50%; p <0.05), non- 
obstructive forms (82 vs 46%; p <0.05), dilated 
(45 vs 7%; p <0.02) and hypocontractile left ven- 
tricle (36 vs 6%; p <0.01) and higher mortality 
(36 vs 8%; p <0.05) during a mean follow-up of 
3.6 years. It is concluded that CAD associated 
with HC is a complex clinical syndrome, difficult to 
diagnose clinically, that can reliably be recognized 
by coronary angiography. CAD seems to play an 
important role in modifying the pathophysiology, 
the natural history and the prognosis of HC. 

(Am J Cardiol 1992;70:499-501) 
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hypertrophic cardiomyopathy (HC) and there 

are various underlying mechanisms: the inade- 
quate capillary density in relation to increased myocar- 
dial mass,! intramyocardial small vessel disease,” in- 
adequate vasodilator reserve,** septal perforator artery 
compression, coronary artery spasm, elevated filling 
pressures related to impaired diastolic relaxation,’ 
increased oxygen demand due to dynamic outflow 
gradients,” and atherosclerotic coronary artery disease 
(CAD).*!4 The role of CAD in HC has not been thor- 
oughly clarified; the studies performed in this field in- 
volve only about 100 patients affected by angiographi- 
cally documented CAD®°'4 (Table I), and do not clearly 
establish the clinical significance of these 2 coexistent 
diseases. For these reasons the present study was under- 
taken to assess the clinical and prognostic significance 
of CAD in a large group of patients, reflecting the 
broad clinical and morphologic spectrum of HC. 


T he patterns of myocardial ischemia are frequent in 


METHODS 

Study patients: The coronary angiograms of 96 pa- 
tients with HC, prospectively studied at the Division of 
Cardiology of Parma between 1983 and 1991, were re- 
viewed. All patients had a complete physical examina- 
tion, chest x-ray, 12-lead electrocardiogram, M-mode 
and 2-dimensional echocardiographic study, cardiac 
catheterization and coronary angiography; 65 of these 
patients also underwent ambulatory electrocardiograph- 
ic monitoring. In each patient the diagnosis was made 
before angiographic study, based on echocardiographic 
demonstration of a hypertrophied ventricle in the ab- 
sence of another cardiac or systemic disease that can 
cause ventricular hypertrophy.!5 

The age range was 18 to 72 years (mean 45). There 
were 62 men and 34 women. Thirty-five patients (36%) 
had chest pain and 23 (24%) were in New York Heart 
Association class III to IV; 3 patients had a clinically 
demonstrated previous myocardial infarction. In these 
cases the clinical and echocardiographic diagnosis of 
HC was confirmed by the fact that these patients had 
relatives who were affected by HC. 

aphic study: The distribution and se- 

verity of left ventricular hypertrophy was assessed by 2- 
dimensional and M-mode echocardiography with a me- 
chanical sector scanner (ATL MK 600 or Vigmed 
CFM 700 with a 3 or 3.75 MHz transducer). Hypertro- 
phy was considered present if the diastolic wall thick- 
ness, measured in the short-axis view, was 215 mm (or 
17 mm for the anterolateral free wall).'° Based on dis- 
tribution of left ventricular hypertrophy, 3 fundamental 
patterns were found!’:!8: (1) septal hypertrophy, local- 
ized at the ventricular septum; (2) extensive hypertro- 
phy, involving both septum and free wall; and (3) un- 
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TABLE I Previously Published Frequency of Coronary Artery 
Disease in Hypertrophic Cardiomyopathy 


Pts. with Prevalence Myocardial 
First CADand ofCAD Age Angina Necrosis 
Author HC (%) (%) (%) 


Gullotta (1972) 
Walston (1976)!3 
Lardani (1978)!9 
Gill (1982)12 
Cokkinos (1985)9 
Siegman (1989)14 


Mean 
Lazzeroni (1992) 


*Angina was the main indication for coronary angiography. 
CAD = coronary artery disease; HC = hypertrophic cardiomyopathy. 


TABLE II Relation Between Clinical Electrocardiographic 


Findings and Coronary Artery Disease 
Group A—With 

Significant 
CAD (n = 11) 


Group B—Without 
Significant 
CAD (n = 85) 


Findings No. % 


Age (mean yr) 

Age > 45 years 

Sex (% men) 

Chest pain 

Myocardial necrosis 

NYHA class III-IV 

Normal ECG 

ST-T l 

Q wave 

VPC > Lown class III 5/ 

Left ventricular 9 
hypertrophy 

*p <0.05; ł p <0.001; tp <0.01. 


CAD = coronary artery disease; ECG = electrocardiogram; NYHA = New York Heart 
Association; ST-T = ST-T segment alterations; VPC = ventricular premature complex. 





usual patterns — hypertrophy localized at the apex or 
anterolateral or inferoposterior free wall. 

Angiographic study: Patients underwent selective 
coronary angiography, left ventriculography and pres- 
sure measurements by use of the Judkins technique. 
Multiple views of each coronary artery were filmed. A 
patient showing a stenosis 270% in at least 1 coronary 
artery was considered affected by critical CAD. 

monitoring: Sixty-five patients under- 

went 272 hours of ambulatory electrocardiographic 
monitoring. For the purpose of this study, we classified 
only ventricular arrhythmias according to the grading 
system proposed by Ryan et al.!9 

Statistical analysis: Statistical analysis was per- 
formed using conventional methods for small samples. 
Differences were compared by Fisher’s exact test, 2- 
tailed Student’s ¢ test or chi-square test by means of the 
statistical analysis system (SAS software). 


RESULTS 

According to angiographic data, the 96 patients 
were Classified in 2 groups: (1) group A comprised 11 
patients who had stenosis of 270% of at least 1 coro- 
nary artery; and (2) group B comprised 85 patients 


TABLE Iil Relation Between Hemodynamic Findings and 
Coronary Artery Disease 
Group A—With 


Significant 
CAD (n = 11) 


Group B—Without 
Significant 
Findings CAD (n = 85) 


Intraventricular 9 +- T7 43 + 42* 
pressure gradient (mm Hg) 
Obstructive forms 
Left ventricular end-diastolic 
pressure (mm Hg) 
Left ventricular 
ejection fraction (%) 
Left ventricular 
ejection fraction < 50% 
*p <0.01; tp <0.05. 
CAD = coronary artery disease; Obstructive forms = left intraventricular gradient 
>30 mm Hg at rest. 


2 (18%) 
19+7 


46 (54%)t 
17+8 
57+15 65+ 19 


4 (36%) 5 (6%)* 


TABLE IV Relation Between Echocardiographic Findings and 
Coronary Artery Disease 


Group B— 
Without 
CAD (n = 85) 


Group A— 
With 
CAD (n = 11) 


M-mode 
Septal thickness (mm) 
LVEDD >55 mm 
SAM 

2-D echo 
Septal hypertrophy 
Extensive hypertrophy 
Unusual patterns 

*p <0.02; tp <0.05. 

CAD = coronary artery disease; 2-D echo = 2-dimensional echocardiography; 


LVEDD = left ventricular end-diastolic diameter; SAM = systolic anterior movement of 
mitral valve. 


16+3 
5 (45%) 
1 (10%) 


21+6 
6 (7%)* 
34 (40%)t 


6 (55%) 
4 (36%) 
1 (9%) 


34 (40%) 
50 (59%) 
1 (1%) 





without angiographic evidence of significant coronary 
disease. 

Relation between clinical and electrocardiographic 
findings and coronary artery disease (Table Il): In tak- 
ing into account the variables reported in Table II, pa- 
tients with compared to the patients without significant 
CAD were much older (59 + 7 vs 42 + 15, p <0.05), 
with a higher incidence of previous myocardial infarc- 
tion (3 of 11 vs 0 of 85, p <0.001) and complex ventric- 
ular arrhythmias during Holter monitoring (5 of 5 vs 30 
of 60, p <0.05). However, the 2 groups did not differ 
with regard to sex, angina, functional class and electro- 
cardiographic alterations. 

Relation between hemodynamic and echocardio- 
graphic findings and coronary artery disease (Tables 
iil and IV): Compared with group B patients, patients in 
group A were characterized by lower mean intraventric- 
ular gradient (9 + 17 vs 43 + 42, respectively, p 
<0.01), lower occurrence of obstructive forms (2 of 11 
vs 46 of 85, p <0.05) and higher incidence of depressed 
ejection fraction (4 of 11 vs 5 of 85, p <0.01) (Table 
III). 

Patterns of hypertrophy associated with left ventric- 
ular dilatation (i.e., end-diastolic diameter >55 mm on 
M-mode echocardiography) were seen more frequently 
in group A than in group B (5 of 11 vs 6 of 85, respec- 
tively, p <0.02). The distribution of left ventricular hy- 
pertrophy was not different between the 2 groups (Ta- 
ble IV). 


500 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 15, 1992 


Compared with the other 93 patients, the 3 patients 
who had had previous myocardial infarction were char- 
acterized by significant left ventricular dilatation (end- 
diastolic diameter 62 vs 47 mm, p <0.01), a more de- 
pressed ejection fraction (38.6 vs 63%, p <0.001), a 
lower cardiac index (2.6 vs 3.3 liters/min; p <0.01) and 
absence of left ventricular outflow tract gradient. 

Mortality related to coronary artery disease: Dur- 
ing a mean follow-up of 3.6 years (range 1 to 6), 11 
patients died of cardiac causes (8 sudden deaths and 3 
cardiac failures): 7 of these patients were in group B 
and 4 in group A, 3 of whom had a previous myocar- 
dial necrosis. The mortality was significantly higher in 
group A than in group B (4 of 11 vs 7 of 85, p <0.05). 


DISCUSSION 

From a diagnostic point of view, our data confirm 
difficulties in detecting CAD associated with HC.>!? In 
fact, the diagnosis of the 2 coexisting pathologies may 
sometimes be very intriguing, when one considers the 
problems involved in diagnosing HC alone. In the clini- 
cal setting, only age and known previous myocardial in- 
farction could differentiate the 2 groups of patients 
studied. In contrast, symptoms (especially chest pain) 
and electrocardiographic alterations (especially those of 
ST segment and pathologic Q waves) were not discrimi- 
natory. Therefore, a clinical differential diagnosis be- 
tween HC with or without CAD is not easy, because 
each of the 2 pathologies can mimic the other. Complex 
ventricular arrhythmias, low ejection fraction, left ven- 
tricular dilatation and nonobstructive forms of HC are 
the other features seen more often in patients with the 2 
coexisting pathologies. In our experience, the evolution 
of HC in dilated forms, especially when angina is pres- 
ent, should suggest a concomitant CAD and require 
coronary angiography. From the prognostic point of 
view, patients with HC and coexisting CAD represent a 
high risk subgroup: in fact, the mortality of group A 
patients was 10%/year, significantly higher than group 
B patients (2.2%/year); the latter data are similar to 
previously published data.??-? These hemodynamic and 
arrhythmic profiles of such patients are the most pre- 
sumptive causes of this higher mortality. These factors 
may modify the original pathophysiologic pattern by in- 
fluencing each other,” so that initially “hyperkinetic” 
cases of left ventricular outflow obstruction can become 
“hypokinetic-dilated”; intraventricular gradient can dis- 
appear or decrease?’ because of coexistent CAD or the 
occurrence of myocardial necrosis, or both. Whereas a 
correct diagnosis has important prognostic and thera- 
peutic implications, in these patients we believe that 
coronary angiography should be diagnostic. The value 
of noninvasive tests for detecting CAD is, in fact, doubt- 
ful: effort testing and thallium-201 myocardial per- 
fusion scintigraphy have low specificity and sensitiv- 
ity,2° whereas the role of echo-dipyridamole testing 
is yet to be defined. Myotomy-myectomy associated 
with aortocoronary bypass, which has been demon- 
strated to improve symptoms and hemodynamic param- 
eters,!4 should be indicated for patients who remain 
symptomatic despite appropriate therapy, and cardiac 
transplantation should be considered for class III to IV 


New York Heart Association patients with seriously de- 
pressed cardiac function. 
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One hundred twenty-two cases of the adult form 


of the scimitar syndrome were collected from dif- 
ferent cardiologic centers. The clinical, radio- 
graphic and hemodynamic findings are described. 
The scimitar syndrome is defined as an anomalous 
right pulmonary venous drainage, partial or com- 
plete, to the inferior vena cava. Additional charac- 
teristics of this syndrome such as hypoplasia and 
abnormalities of the vascular supply to the right 
lung, dextrocardia and abnormalities of the bron- 
chial segmentation are common; bronchiectases 
are rare. The left to right shunt was <50% in 100 
of the 122 patients. The pulmonary arterial pres- 
sures were normal in 94 patients and slightly ele- 
vated in 28. A follow-up study of these patients 
showed that, without surgical correction, they 
lead a normal life. An awareness of this syndrome 
may avoid unnecessary invasive diagnostic proce- 
dures and surgical treatment for most patients. 
(Am J Cardiol 1992;70:502-507) 
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fined as a partial or total anomalous pulmonary 

venous return of the right lung veins to the inferi- 
or vena cava just above or below the diaphragm. This 
malformation is often but not always associated with 
hypoplasia of the right lung and of the right pulmonary 
arterial tree, anomalous arterial supply of the right lung 
from the aorta, dextrocardia and bronchial anomalies.! 
On chest x-ray examination, the aberrant vein has a 
convex course in the lower part of the right lung which 
Neill et al! compared to the shape of the Turkish curved 
sword; the scimitar (Figure 1A). The scimitar syndrome 
appears in 3 different forms.” 

The “adult” form without pulmonary hypertension 
resembles a small atrial septal defect.*~’ The “infantile” 
form with severe pulmonary hypertension has a poor 
spontaneous prognosis.*-!? The term adult form is de- 
batable; it merely means that the patient was asymp- 
tomatic in infancy. Finally, in some patients the scimi- 
tar syndrome is associated with complex or serious car- 
diac malformations which are prevalent and modify the 
symptomatology and the natural history. In such cases, 
the scimitar syndrome itself is of minor concern.!3-!> 

At the present time, there is no consensus on treat- 
ment because the syndrome is rare enough that pediat- 
ric cardiologists, cardiovascular surgeons or radiologists 
may be unfamiliar with it; however, it occurs often 
enough to occasionally puzzle them. It is this type of 
syndrome that justifies a multicentric study to define 
the frequency of the associated anomalies, the diagnos- 
tic problems, the natural history and complications, and 
also to evaluate the different types of treatment. This 
study only discusses the adult form of the scimitar syn- 
drome. 


ck: scimitar syndrome is a rare malformation de- 


METHODS 

One hundred twenty-two patients were gathered 
from 22 university centers of cardiology (Appendix) in 
Belgium, Canada, France, Switzerland and Sweden, 
where patients were treated and followed between 1960 
and 1990 with an average follow-up of 12 years. The 
follow-up was 1 year in 20 patients, between 1 and 10 
years in 52, and >10 years in the last 50 patients. 

Age, sex, heredity, clinical status, electrocardiog- 
raphy, plain chest films, cardiac catheterization and 
angiography were studied in all cases. Other examina- 
tions such as echocardiography, computerized tomogra- 
phy and spirometry with radioactive isotopes were per- 
formed in some centers. In a few cases, bronchoscopy 
and bronchography were also performed. As a matter of 
routine, medical and social history was obtained from 
all patients and the results of surgical treatment were 
studied. 
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RESULTS 

Seventy-seven patients were women and 45 were 
men. The ages at diagnosis are listed in Table I. 

The parents of 2 of the patients were first cousins. 
These parents had 4 children of whom 2 were healthy 
and 2 had the scimitar syndrome. In another family, the 
father and his son both had the scimitar syndrome. Five 
children were born prematurely. One child was a twin. 
The other twin was normal. 

The patients were referred to hospitals for respira- 
tory or cardiac problems probabl ly related to the scimi- 
tar syndrome: bouts of pneumonia (38 cases), slight 
dyspnea on exertion (23 cases), precordial systolic 
murmur (18 cases), paroxysmal tachycardia (1 case), 
deformation of the thorax with retraction of the right 
hemithorax (8 cases), and hemoptysis (7 cases). The re- 
maining 27 patients were referred to centers for other 
symptoms unrelated to the scimitar syndrome. The 





Hh 


twins were both mentally retarded. One child had triso- 
mia 21 and another had Turner’s syndrome. 

Other malformations were also present, both cardiac 
(23 cases) and noncardiac (30 cases). The cardiac mal- 
formations were an atrial septal defect secundum type 


TABLE I Age at Diagnosis and at Surgery 





Age at 
Age at Surgery 
Diagnosis 122 Cases (37 cases) 














<1 year 


1—12 years 56 24* 
13—20 years 17 5 
21—58 years 


right 
troduced by the femoral vein into the inferior vena cava directly entered the abnormal right pulmonary vein drawing a curved 


course, mimicking a scimitar. 
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TABLE Il Radiologic Findings 


Anomaly or 
Sign 


Total no. 
Moderate 
Obvious 


Dextrocardia 


Total no. 
Slight 
Obvious 


Hypoplasia of the right lung 


Total no. 
Recognized 
Overlooked 


Scimitar sign at the initial 
interpretation 


Hypervascularization of the 
left lung 





(16 cases), a patent ductus arteriosus (3 cases), and 1 
case each of superior vena cava connected to the coro- 
nary sinus, a fistula between the right coronary artery 
and the right lower pulmonary vein, an azygos continu- 
ation of the inferior vena cava, and cor triatriatum. 

The extracardiac malformations included: vertebral 
malformations (9 cases), scoliosis (7 cases) of which 2 
were congenital, thoracic deformation with retraction of 
the right hemithorax (18 cases), and in 3 patients there 
were 11 ribs on the right side (some of the patients had 
several associated malformations: 1 had a horseshoe 
kidney, another had a rectovaginal fistula). In 3 pa- 
tients, a “horseshoe” lung was detected. 

Auscultation was normal in 64 patients and revealed 
a systolic murmur (grade 2/6) in 58. In 33 patients, 
there also was a constant splitting of the second sound. 

Electrocardiogram was normal in 56 patients and 
was never contributory to the diagnosis. 

Radiologic findings are summarized in Table II. The 
scimitar sign (Figure 1B) was the most typical finding. 
Tomographies of the right lung were performed in 10 
patients. They showed the scimitar sign more obviously 





tomography in a case of scimitar 
syndrome with a “horseshoe” hung (5-year-old boy with re- 
peated but not severe bronchial infections) showing the small 
size of the right hung, the drainage of a right pulmonary vein 
into the inferior vena cava, and the bridge of hung in front of 
the aorta and vertebrae and behind the heart. 


FIGURE 2. 





than standard radiography of the chest. In the youngest 
patients (<3 years of age), hypoplasia of the right lung 
regressed regularly during the observation period until 
the age of 7. This growth of the right lung was more 
conspicuous in infants. It seemed a constant finding in 
infancy, but sometimes not very impressive. 

Hemodynamic examination: Right-sided cardiac 
catheterization was performed in all patients. The cath- 
eter was introduced into the right lower pulmonary vein 
directly through the inferior vena cava in 72 patients 
(Figure 1C). Oxygen saturation in the inferior vena 
cava or right atrium was always higher than in the su- 
perior vena cava, with a significant gap. Systolic pres- 
sure in the pulmonary artery was normal in 94 patients, 
and slightly elevated (30 to 50 mm Hg) in 28. 

Left to right shunt was <25% in 18 patients, be- 
tween 25 and 50% in 78, >50% in 22 of whom 10 had 
atrial septum defect (secundum type), 12 had an abnor- 
mal systemic vascularization of the right lower lobe 
from the aorta and 1 had a patent ductus arteriosus. 

Angiocardiography was performed in all 122 pa- 
tients. The injection of contrast medium into either the 
right ventricle or the pulmonary trunk revealed that the 
pulmonary trunk and the left pulmonary artery were 
slightly dilated. The right lung was considered as having 
a decreased vascularity in 54 patients, whereas the left 
lung had an increased vascularity in 35 patients. The 
right pulmonary artery was often more or less hypoplas- 
tic; unfortunately the right to left pulmonary artery ra- 
tio was not measured. The anomalous right pulmonary 
venous return was complete in 99 patients and incom- 
plete in 23. Of this group of 23 with partial anomalous 
right pulmonary venous return, 14 patients with superi- 
or and 9 with inferior pulmonary anomalous venous re- 
turn were found. The vein often entered the inferior 
vena cava at the level of the diaphragm (93 patients) or 
in the confluence between the inferior vena cava and the 
right atrium (29 patients) (Figure 1D). 

Retrograde aortography was performed in the adult 
patients. In younger patients, a left ventriculography 
was performed through the foramen ovale or through a 
small atrial septal defect. These examinations showed 1 
or several aberrant vessels supplying the lower part of 
the right lung, from the abdominal aorta in 50 patients, 
from the thoracic aorta in 7, from the right subclavian 
artery in 1, and from the right internal mammary ar- 
tery in another. This abnormal vascularization was 
moderate in 48 patients and pronounced in 11. Abnor- 
mal vessels were absent in 63 patients. Repeated angi- 
ography in 6 patients showed that this collateral circula- 
tion may regress with simultaneous decrease of the pul- 
monary arterial pressures. 

Computerized tomography was undertaken in 6 pa- 
tients: to exclude the possibility of bronchiectases in 2, 
and revealing the scimitar syndrome; in 3 of the other 4 
patients the right pulmonary artery was opacified only 
near the pulmonary trunk and the abnormal pulmonary 
veins were only slightly and laterally opacified on angi- 
ography. The diagnosis of scimitar syndrome was iden- 
tified by computerized tomography. In the fourth pa- 
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tient, it affirmed the diagnosis of horseshoe lung (Fig- 
ure 2). 

Bronchography and bronchoscopy were performed 
routinely in a few centers, and in other centers when 
repeated bouts of pneumonia caused suspicion of bron- 
chiectases. Bronchiectases were found in 3 patients. 
Bronchography was normal in 2 of 29 patients exam- 
ined. The other 27 had hypoplasia and anomalies of the 
segmentation of the right bronchial tree. In 4 patients 
the right lung pattern was the mirror image of the nor- 
mal left lung. 

Echocardiography gave a positive diagnosis in 11 of 
the 41 patients examined. 

Follow-up: Long-term follow-up of the adult form 
of scimitar syndrome without pulmonary hypertension 
showed that this condition was well tolerated and that 
the patients led a normal life. 

Surgical treatment had been undertaken in 37 cases. 
The main indication of surgery was the suppression of 
the shunt. The results were unsatisfactory: good results 
were obtained in only 12 patients, postoperative respira- 
tory complications in 21 patients with poor long-term 
results, and 4 deaths. These disappointing results were 
due to a thrombosis of the anastomosis between the ab- 
normal right pulmonary veins and the left atrium. A 
detailed report on the surgical treatment is currently in 
preparation. The 85 patients who did not have surgery 
were in good condition and led a normal life. There 
were 6 respiratory complications: 2 cases of chronic 
bronchitis and 4 cases of recurrent hemoptysis in adult 
patients (aged 22, 26, 37 and 47 years, respectively). 


DISCUSSION 

Prevalence and presentation: The scimitar syn- 
drome is considered a rare anomaly.'© Honey!’ reported 
on 6 patients with this syndrome during a 13-year peri- 
od (1964 to 1975) in which 9,583 patients were seen in 
his department. According to our statistics in Lille, the 
incidence is probably 1 to 3 out of 100,000 live births. 
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FIGURE 3. A, a 3-month-old girl was examined for an upper 





Because many patients are asymptomatic and many 
physicians are not familiar with this syndrome, many 
cases are probably overlooked. For instance, the typical 
chest x-ray findings were overlooked at the initial exam- 
ination in more than half of the cases. It is significant 
that in this study, the number of patients from Lille is 
abnormally high (34 of 122), demonstrating that the 
diagnosis of a “rare” syndrome is more frequent if the 
physicians are familiar with it. 

In our cases, some extracardiac features were ob- 
served: the weight growth was usually retarded, as has 
been described in other studies.>:!8 Scoliosis was com- 
mon. This might be explained either by an associated 
vertebral malformation, by a deformation of the thorax, 
or by hypoplasia of the right lung. Besides, the volume 
of the hypoplastic right lung may increase during the 
first 7 to 10 years of life (Figure 3, A and B). There- 
fore, pneumonectomy as suggested by Halasz et al? is 
contraindicated. 

Dextrocardia, often considered as a dextroposition 
caused by the hypoplasia of the right lung, can also be a 
dextroversion. In some of our patients, dextrocardia 
with a 90° rotation of the heart coexisted with minor 
hypoplasia of the right lung. 

methods: The catheterization procedure 
is preferably performed through a venous femoral ap- 
proach, and in two thirds of the cases, it is easy to cath- 
eterize the aberrant right pulmonary vein directly from 
the inferior vena cava (Figure 1D). The pulmonary ar- 
tery pressures and the amplitude of the shunt are mea- 
sured. Angiography of the right ventricle or pulmonary 
artery confirms the diagnosis. Left ventriculography or 
aortography are needed to study the abnormal vascular- 
ization of the lower part of the right lung (sometimes 
called “vascular” sequestration). Catheterization and 
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infection. The plain chest x-ray showed the typical 


respiratory 
scimitar signs with dextrocardia, severe hypoplasia of the right lung. B, 7 years later, the giri was asymptomatic, and the plain 


chest x-ray showed growth of the right lung. 
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TABLE Ill Comparison Between Surgical and Nonsurgical 
Groups of Patients with “Adult” Form of the Scimitar Syndrome 


Without 
Surgery 


After 


Good results 
Complications 
Deaths 


Total 
*Among these 6 patients, 2 had spontaneous thromboses of the right pulmonary 
vein, 2 obstructive pulmonary artery hypertensions and 2 recurrent bronchial infec- 
tions. 
tAmong these 37 patients, there were 17 postoperative thromboses of the right 
pulmonary vein. 


angiography are useful to confirm the diagnosis and 
make the therapeutic indications clear. 

Today, the use of more sophisticated noninvasive 
techniques such as magnetic resonance imaging and 
computerized tomography could confirm the diagno- 
sis. Echocardiography and Doppler can also assess the 
prognosis. 

Computerized tomography has at least 3 advan- 
tages. (1) It clearly shows bronchiectasies when present. 
(2) It affirms the diagnosis of scimitar syndrome in 
cases where opacification of the right pulmonary artery 
and of the right pulmonary veins is absent or very weak 
(3 of our cases). (3) It may help in the diagnosis of 
horseshoe lung, a malformation that seems to be an un- 
common and often unrecognized part of the spectrum of 
pulmonary malformations associated with the scimitar 
syndrome. !°-2! 

Vascularization of the left lung is increased by the 
left to right shunt. The vascular tree of the right lung is 
often hypoplastic. The degree of hypoplasia varies and 
may be considered as an associated malformation. In 
the isolated type of scimitar syndrome, the left to right 
shunt is often <50% and pulmonary pressure is often 
normal or only slightly elevated. In the infantile form of 
scimitar syndrome, pulmonary hypertension is usually 
secondary to a big shunt between the systemic arteries 
arising from the abdominal aorta and the pulmonary 
veins.'°-!2 In the adult form, even if these arteries are 
often found by aortography, they are usually small and 
the shunt through them is weak. 

Prognosis and treatment: Tolerance to the scimitar 
syndrome is almost always good. Patients are usually 
asymptomatic and often lead normal lives. Some pa- 
tients were slightly dyspneic at exertion. In this study, 
the eldest patient was 73 years old. Respiratory prob- 
lems sometimes present in childhood are less common in 
adulthood. Table III compares the prognosis of those 
treated surgically and nonsurgically; between these 
2 groups, there were no significant differences related 
to the severity of the symptoms. In fact, the surgical 
decision depended on the attitude of the medico-surgi- 
cal team. Some patients with scimitar syndrome, even 
asymptomatic and without pulmonary hypertension, 
have been treated surgically. The likely explanation of 
this decision is the analogy between the scimitar syn- 
drome and the atrial septal defect. It is generally admit- 





ted that every atrial septal defect with significant shunt 
must be corrected. Similarly, surgery was suggested for 
scimitar syndrome with a relatively significant shunt. 
In this study, surgical treatment was often disap- 
pointing. Published reports of catastrophic postoperative 
complications are not rare: mostly thrombosis of the 
anastomosis>22,23 which could lead to immediate infarc- 
tion of the right lung, pulmonary hypertension and cata- 
clysmic hemoptysis. Lobectomies or right pulmonecto- 
mies are often necessary as an emergency procedure to 
treat these complications. Patients whose left to right 
shunt was >50% sometimes had the shunt decrease 
spontaneously with age. When the shunt is large, an as- 
sociated malformation (patent ductus arteriosus, atrial 
septal defect or abnormal systemic arteries arising from 
the abdominal aorta) should be researched and treated. 


APPENDIX 

The different centers that contributed the files and 
follow-up of their patients are listed with the number 
of cases in brackets: France: Lille, Dupuis C. (34); 
Lyons: Bozio A. (5), Verney RN (6); Paris-Trousseau: 
Sarda A. (9); Nancy: Worms AM (5); Paris-Broussais: 
Ourbak (6); Paris-Centre Chirurgical Marie Lanne- 
longue: Losay J. (2); Paris-Laénnec: Vernant F. (2); 
Amiens: Maingourd Y. (4); Rennes: Almange C. (4); 
Montpellier: Voisin M. (4); Tours: Chantepie A. (3); 
Bordeaux: Choussat A. (3); Reims: Mauran P. (2); 
Marseilles: Werner G. (2); Nantes: Lefévre M. (2); 
Grenoble: Rossignol AM (2); Strasbourg: De Geeter B. 
(1); Dijon: Petit A (1). Canada: Montreal: Hôpital Ste. 
Justine: Davignon A. (9). Sweden: Stockholm: Karo- 
linska: Lundell B., Abon P. (3); Lund: Hanseus C. (3); 
Uppsala: Charaf L. (1). Switzerland: Geneve: Friedli B. 
(2); Lausanne: Payot M. (2). Belgium: Bruxelles- 
U.C.L.: Vliers A. (2). The Netherlands: Rotterdam: 
Hess J. (1). 
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MISCELLANEOUS 


Determinants of Doppler Indexes of Left 
Ventricular Diastolic Function in Normal Subjects 
(the Framingham Heart Study) 


Emelia J. Benjamin, MD, ScM, Daniel Levy, MD, Keaven M. Anderson, PhD, 
Philip A. Wolf, MD, Jonathan F. Plehn, MD, Jane C. Evans, MPH, 
Kathy Comai, MA, RDCS, Deborah L. Fuller, RDCS, and Martin St. John Sutton, MB, MRCP 


Normative Doppler values and determinants of left 


ventricular (LV) diastolic function in healthy sub- 
jects have not been fully elucidated. Subjects from 
the Framingham Heart Study were examined to 
describe reference values and determinants of 
echocardiographic Doppler indexes of diastolic 
function. One hundred twenty-seven randomly se- 
lected, rigorously defined, normal subjects, ap- 
proximately evenly distributed by sex and age 
from the third through the eighth decades were 
studied by Doppler echocardiography. Normative 
values for 7 frequently used Doppler indexes of 
LV diastolic function are presented. Doppler in- 
dexes of LV diastolic function change dramatically 
with age; the peak velocity of early filling divided 
by late filling (peak velocity E/A) ranges from a 
mean of 2.08 + 0.55 for subjects in their third de- 
cade to 0.84 + 0.29 for those in their eighth de- 
cade. A peak velocity E/A ratio <1 is abnormal in 
subjects aged <40 years, but occurs in most sub- 
jects aged >70 years. The high correlations be- 
tween age and Doppler indexes of LV diastolic 
function are not greatly attenuated after adjust- 
ment for other clinical parameters associated with 
diastolic function; the multivariate partial correla- 
tion coefficient between age and peak velocity E/A 
is —0.80 (p <0.0001). Heart rate, PR interval, LV 
systolic function, sex and systolic blood pressure 
are minor determinants of Doppler indexes of dia- 
stolic function. Body mass index, left atrial diame- 
ter, and LV wall thickness, internal dimension and 
mass have little or no association with Doppler in- 
dexes in healthy subjects. 

Age is the predominant determinant of Doppler 
indexes of LV diastolic function in normal sub- 
jects, whereas heart rate, PR interval, sex, systol- 
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01701. 


ic blood pressure and LV systolic function have a 
lesser impact. The independence of the age-dia- 
stolic function relation from changes in physiology 
and LV geometry is consistent with an intrinsic re- 
duction in LV distensibility with advancing age. 
These findings indicate that Doppler diastolic 
function should be assessed with reference to age- 
specific normative values. 

(Am J Cardiol 1992;70:508-515) 


function to symptoms in various cardiac dis- 

eases has grown rapidly. At the same time, 
Doppler echocardiography has proved increasingly use- 
ful as a noninvasive method for characterizing alter- 
ations in the left ventricular (LV) diastolic properties of 
the heart.! The purpose of this investigation was two- 
fold: (1) to assess the determinants of LV diastolic func- 
tion in normal subjects and (2) to describe normal val- 
ues for Doppler indexes of LV diastolic function in a 
well-characterized healthy subset of a population-based 
sample. The hypothesis that age-related changes in 
Doppler indexes of diastolic function in normal subjects 
are partially attributable to concomitant age-associated 
alterations in blood pressure and LV structure was also 
tested. 


A n appreciation of the contribution of diastolic dys- 


METHODS 

Study population: The Framingham Study was be- 
gun in 1948 to prospectively examine factors that pre- 
dispose a patient to cardiovascular disease. A sample of 
residents of Framingham, Massachusetts, aged 28 to 62 
years was selected to undergo biennial examinations. 
The offspring of the original cohort (and their spouses) 
were recruited in 1971. Detailed descriptions of study 
design were previously reported.” From 1985 to 1987, 
4,170 survivors of the original cohort and their offspring 
underwent their 19th and 3rd examinations, respective- 
ly. Histories, physical examinations, 12-lead electro- 
cardiograms and echocardiograms were routinely per- 
formed at the index examinations. The Framingham 
Heart Study examination was approved by the investi- 
gational review board of Boston University Hospital. In- 
formed written consent was obtained from all subjects 
at the beginning of the clinic examination. 

Subjects were excluded from this study if they ful- 
filled the following clinical criteria: (1) history of car- 
diovascular disease (including chest pain at the current 
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examination) or angina pectoris, recognized or unrecog- 
nized myocardial infarction, congestive heart failure, 
valvular heart disease, atrial fibrillation, pericardial dis- 
ease, pacemaker or left bundle branch block (criteria 
for the various cardiac events and the event determina- 
tion process were previously reviewed)‘ (n = 1,017); (2) 
borderline hypertension on current examination (systol- 
ic blood pressure 2140 mm Hg or diastolic blood pres- 
sure =90 mm Hg), or definite hypertension on any pri- 
or examination (systolic blood pressure 2160 mm Hg 
or diastolic blood pressure 295 mm Hg on each of 2 
successive determinations by a physician during a given 
examination) (n = 1,455); (3) current use of cardiac, 
blood pressure or diuretic medication (n = 31); or (4) 
renal failure, thyroid disease, diabetes mellitus or chron- 
ic lung disease (n = 182). 

Of the original 4,170 subjects, 1,485 (35.6%) re- 
mained eligible after eliminating subjects for clinical ex- 
clusions. Eligible subjects were randomly selected to as- 
sure an approximately even distribution by age and sex. 
Subjects were assigned sequence numbers so that the 
investigators measuring the studies (EJB or DL) were 
unaware of the study subjects’ sex and age. Of those 
who were eligible and randomly screened for study in- 
clusion, subjects were excluded for the following echo- 
cardiographic findings: (1) valvular abnormalities (any 
degree of mitral or aortic stenosis, or > than mild mitral 
or aortic regurgitation) (n = 1); (2) LV abnormalities 
(dilation, wall motion abnormalities or hypertrophic 
cardiomyopathy) (n = 5). To examine the impact of al- 
terations in LV geometry, mild isolated LV hypertrophy 
was not an exclusion criteria. Two subjects had mild 
septal thickening (1.2 cm), and none had increased LV 
mass (by Framingham criteria)‘; (3) technically inade- 
quate echocardiograms, defined as either unmeasurable 
LV dimensions (n = 43) or inadequate Doppler LV in- 
flow (n = 52), or both (n= 18). Doppler transmitral 
waveforms were considered inadequate if any of the fol- 
lowing conditions existed: the angle between the Dopp- 
ler beam and the mitral waveform was 230°, the sam- 
ple volume was inadequately positioned, or the Doppler 
envelope definition was too indistinct; or (4) tachycardia 
defined as heart rate >100 beats/min (n = 0). 

Ascertainment of clinical parameters: For the anal- 
ysis of determinants of diastolic function, all parameters 
were obtained from the index examinations. Heart rate 
was measured from Doppler recordings. PR interval 
(ms) was measured from the 12-lead electrocardiogram. 
Body mass index (weight in kg/height in m?) was used 
as a measure of obesity. Diastolic and systolic blood 
pressures (mm Hg) were each calculated as the average 
of the clinic physicians’ 2 blood pressure measurements. 
To define subject eligibility, blood pressure measure- 
ments for subjects from the original cohort were avail- 
able from 19 examinations (from a 38-year span); for 
the offspring, blood pressure measurements were avail- 
able from 3 examinations (from a 12-year span). 

Echocardiographic methods: Subjects were exam- 
ined by M-mode, 2-dimensional and pulsed-wave Dopp- 
ler on a Hewlett-Packard (model 77020AC) ultrasound 
machine. Studies were reviewed until a minimum of 10 
men and 10 women per decade were obtained. There 


was a paucity of eligible men in the eighth decade. 
To ensure blinding, category goals were monitored 
by investigators (DF and KC) uninvolved in obtain- 
ing echocardiographic measurements. Digitized images 
were obtained from analogue tape and stored on floppy 
disks for later analysis, using an off-line analysis 
system (Freeland Systems, Division of Prism Imaging 
Inc., Louisville, Colorado). M-mode, 2-dimensional and 
Doppler measurements were obtained from the digitized 
images, using the digital analysis system, from an aver- 
age of 3 to 5 beats. M-mode measurements were ob- 
tained according to the American Society of Echocardi- 
ography guidelines, using a leading-edge-to-leading- 
edge method.® If the M-mode was unmeasurable, 
2-dimensional measurements from the same view were 
substituted. The sum of the LV wall thicknesses was 
defined as IVS + LVPW, where IVS was interventricu- 
lar septal thickness at end-diastole, and LVPW was LV 
posterior wall thickness at end-diastole. Percent LV 
fractional shortening was calculated as [100(LVIDed 
— LVIDes)]/LVIDed, where LVIDed was LV internal 
dimension at end-diastole, and LVIDes was LV internal 
dimension at end-systole.’ LV mass was calculated 
from the modified cubed formula’: LV mass (g) = 0.8 
{1.05[(LVIDed + IVS + LVPW)? — (LVIDed)?] } + 
0.6. 

Doppler examination of LV inflow was performed 
from the apical 4-chamber view with the sample volume 
placed between the mitral leaflet tips. The ultrasound 
beam was lined up parallel to LV inflow to minimize 
the angle of the cosine (studies were ineligible if angle 
was =30°). Doppler was recorded at sweep speeds of 50 
or 100 mm/s. Observers chose which 3 to 5 waveforms 
(of a maximum of 10) to measure from 2 digitized 
screens. Observers traced the modal velocities, and if 
the margins of the waveforms were indistinct, they ig- 
nored the “noise” artifact and traced the brightest por- 
tion of the waveform margin. The peak early diastolic 
inflow velocity coincident with the E wave, peak late 
diastolic inflow velocity coincident with the A wave, and 
the ratio of peak early to late velocities (E/A) were 
measured. Furthermore, time velocity integrals E and A 
and the ratio of time velocity integral E/A were also 
assessed. If there was overlap between the E and A 
waves, time velocity integral E was considered the area 
under the E wave extrapolated through the A wave to 
the baseline; the portion of time velocity integral A in- 
corporated in time velocity integral E was not included 
in time velocity integral A. If heart rate was slower and 
E and A waves did not overlap, time velocity integral E 
was extrapolated through diastasis to the baseline; the 
remaining small amount of flow during diastasis was 
not included in the integral of the E or A wave. Atrial 
filling fraction was defined as time velocity integral A 
divided by the time velocity integral of total diastolic 
LV inflow. 

Statistical analyses: Data analyses were performed 
using the Statistical Analysis System? and S-PLUS.!° A 
t test for age and age-adjusted analysis of variance for 
other clinical parameters were used to evaluate the dif- 
ferences between subjects with adequate echocardio- 
grams and those eligible for the study but not measured. 
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20-29 
(n = 21) 


30-39 
(n = 20) 


40—49 
(n = 22) 

























Peak velocity E (m/s) 





Mean 0.71 0.66 0.63 

SD 0.14 0.14 0.10 
Peak velocity A (m/s) 

Mean 0.35 0.38 0.45 

SD 0.06 0.06 0.08 
Peak velocity E/A 

Mean 2.08 1:75 1.44 

SD 0.55 0.40 0.26 
Time velocity integral E (m) 

Mean 0.093 0.085 0.086 

SD 0.022 0.018 0.016 
Time velocity integral A (m) 

Mean 0.030 0.029 0.037 

SD 0.005 0.006 0.007 
Time velocity integral E/A 

Mean 3.24 3.02 2:35 

SD 0.85 0.69 0.39 
Atrial filling fraction 

Mean 0.24 0.25 0.29 

SD 0.05 0.05 0.03 


The decade-specific means and SD for Doppler indexes 
were also analyzed. Plots (by age) of peak velocity E/A, 
time velocity integral E/A and atrial filling fraction, 
with 95% intervals for predicted values, were construct- 
ed using a standard least-squares methodology. 

Two-way Pearson correlation coefficients examined 
the univariate relation between age and Doppler indexes 
of diastolic function. Clinical and echocardiographic 
variables that potentially influenced Doppler indexes 
were entered in multivariate regression analyses, with 
each Doppler parameter considered as the dependent 
variable. Stepwise regression analyses with backwards 
elimination (p <0.10) were used. The stepwise model 
was analyzed twice, first entering LV mass, then enter- 
ing the determinants of LV mass (LV internal dimen- 
sion and wall thickness) and omitting LV mass. For 
each independent clinical variable selected by the step- 
wise models, partial correlation coefficients (r values) 
adjusted for the other variables in the final models were 
derived. The change in R? provided an estimate of the 
amount of variance in the dependent Doppler variable 
explained by the independent clinical variable after ad- 
justing for the other clinical variables selected in the 
stepwise multivariate model. The natural logarithm of 
the peak velocity E/A, time velocity integral E/A and 
atrial filling fraction were used for the Pearson correla- 
tions and multivariate analyses. 


RESULTS 

Characterization of subjects: Comparison of the 
clinical characteristics of the 127 subjects included in 
the study with the 1,358 eligible for the study but not 
measured demonstrates that the 2 groups were not sig- 
nificantly different in mean age (50 and 48 years, re- 
spectively), PR interval (16 ms for both) and systolic 
blood pressure (117 mm Hg for both). Subjects includ- 
ed in the study had slightly slower heart rates (63 vs 65 


TABLE I Doppler Diastolic Function Indexes by Age (years) 


50-59 
(n = 21) 





SD = +1 standard deviation. 


60—69 
(n = 22) 


>70 
(n = 21) 


All Ages 
(n = 127) 





0.61 0.55 0.53 0.61 
0.11 0.11 0.17 0.14 
0.49 0.55 0.64 0.48 
0.11 0.10 0.14 0.14 
1.29 1.03 0.84 1.40 
0.28 0.26 0.29 0.54 
0.086 0.076 0.072 0.083 
0.017 0.015 0.023 0.019 
0.040 0.042 0.052 0.038 
0.009 0.009 0.014 0.012 
2.23 1.89 1.45 2.35 
0.41 0.50 0.47 0.83 
0.30 0.35 0.42 0.31 
0.04 0.06 0.09 0.08 


beats/min; p = 0.02) and were less obese (24.4 vs 25.3 
kg/m?; p = 0.01) than those eligible but not measured. 
The finding that subjects with adequate echocardio- 
grams were less obese than the general population is in 
accordance with previous findings of the Framingham 
Study. !! 

Description of normal Doppler indexes of diastolic 
function: Mean and SD for the various Doppler LV in- 
flow parameters stratified by age are shown in Table I. 
In normal subjects, peak velocities E and E/A, and time 
velocity integrals E and E/A decreased with age. In 
contrast, peak velocity and time velocity integral A, and 
atrial filling fraction increased with age. Figure 1 pro- 
vides examples of Doppler LV inflow of a normal young . 
and a normal old subject. Age nomograms for 3 of the 
most widely used Doppler indexes of diastolic function, 
peak velocity and time velocity integral E/A, and atrial 
filling fraction, are provided in Figures 2, 3 and 4, re- 
spectively. Mean peak velocity E/A ranged from 2.08 + 
0.55 for subjects in their third decade to 0.84 + 0.29 for 
those in their eighth decade (Table I). A peak velocity 
E/A ratio <1 was abnormal at <40 years of age, but 
occurred in most normal subjects aged 270 years (Fig- 
ure 2). A time velocity integral E/A ratio <1.5 was 
abnormal at <40 years of age, but occurred in half of 
normal subjects aged 270 (Figure 3). 

Determinants of Doppler indexes of diastolic func- 
tion: Multivariate analyses revealed that age is the most 
important determinant of Doppler LV filling in healthy 
subjects, with partial correlation coefficients (r values) 
ranging from —0.47 for peak velocity E to —0.80 for 
peak velocity E/A (Table II). The high univariate cor- 
relation between age and LV inflow parameters (Table 
II) was not markedly attenuated by adjusting for other 
clinical determinants of diastolic function. Furthermore, 
the percent variation in Doppler diastolic function in- 
dexes due to age was remarkably high. In the multivari- 


510 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 15, 1992 


FIGURE 1. Doppler left ventricular in- 
flow. Left, 21-year-old woman; right, 
72-year-old man. 


A 
nw Held 


FIGURE 2. Picts of predicted values of 
peak velocity E/A (PVEA) by age with 
95% confidence intervals. Individual 
data points are depicted by closed cir- 
cles. Predicted values and 95% confi- 
dence intervals are shown by solid 
lines. 


FIGURE 3. Plots of predicted values of 
time velocity integral E/A (VTIEA) by 
age with 95% confidence intervals. in- 
dividual data points are depicted by 
closed circles. Predicted values and 
95% confidence intervals are shown by 
solid lines. 
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ate models, the variation due to age (partial R? for age 
after adjusting for other variables retained in the multi- 
variate model) ranged from 19% for peak velocity E to 
52% for peak velocity E/A. 

In the multivariate model, sex was significantly asso- 
ciated with peak velocity E and marginally associated 
with peak velocity E/A and atrial filling fraction (peak 
velocity E and E/A being greater and atrial filling frac- 
tion being less in women than in men). However, sex 
accounted for only a minor portion of the variance of 
any Doppler parameter (4% for peak velocity E, and 1% 
for peak velocity E/A and atrial filling fraction). 

In healthy subjects, heart rate and PR interval were 
also independent determinants of Doppler indexes of 
diastolic function. Heart rate was significantly associ- 
ated with all LV inflow parameters, with partial corre- 
lation coefficients (r values) up to 0.39 for atrial filling 
fraction (Table II). Examining the partial R? values re- 
vealed that in healthy subjects the percentage of the 
variance attributable to heart rate ranged from 6% for 
atrial filling fraction to 3% for peak velocities E and A. 
PR interval was significantly correlated with all diastol- 
ic parameters except peak velocity A. The partial corre- 
lation coefficient for PR interval with atrial filling frac- 
tion was 0.29. However, the percentage of variance 
(partial R?) attributable to PR in the multivariate mod- 
els was <3%. 

Blood pressure within the normal range did not 
make a major contribution to Doppler LV inflow in the 
multivariate models. Systolic blood pressure only signif- 
icantly correlated with peak velocity A in the multivari- 
ate model (Table II), and the corresponding percent 
variance (partial R*) explained by systolic blood pres- 
sure was only 2%. Neither diastolic blood pressure nor 
body mass index was significantly associated with any 
Doppler indexes in the multivariate models. 

Left atrial size, and LV size and systolic function in 
normal subjects have at most only minor roles in deter- 
mining Doppler diastolic function parameters (Table 





II). LV fractional shortening (a measure of systolic 
function) was significantly associated with peak veloci- 
ties E and E/A, with adjusted correlation coefficients of 
0.24 and 0.21, respectively; the corresponding variances 
attributable to systolic function were minor (R? values 
<4%). None of the following 4 variables were retained 
by any of the stepwise multivariate models: LV internal 
dimension at end-diastole, sum of the end-diastolic LV 
wall thicknesses, LV mass and left atrial size. 


DISCUSSION 

This study used a healthy reference subset of the 
Framingham Heart Study to provide insight into the 
contributions of various clinical parameters to Doppler 
indexes of diastolic function. Aging was associated with 
a decrease in passive early LV inflow (peak velocity E 
and time velocity integral E) and an increase in the con- 
tribution from active late LV inflow (peak velocity A 


TABLE ff Doppler Left Ventricular Diastolic Filling 
Determinants 


TVIEA AFF 











PVE PVA PVEA 
Univariate Correlation Coefficients (r) 
Age —0.45* 0.73* -0.77* —0.74* 0.74* 
Multivariate Stepwise Regression Correlation Coefficients (r) 
Age —0.47* 0.64* —0.80* —0.73* 0.74* 
Sex 0.25t ł 0.17§ t —0.17§ 
HR —0.209 0.27T —0.33}| —0.33}| 0.39* 
PR —0.181 t —0.181 —0.27T 0.29|| 
LVFS 0.24t t 0.219 ł ł 
SBP ł 0.209 t ł ł 






*p <0.0001; 
model (p >0.10 

The following variables did not enter any of the stepwise regression models: body 
mass index; sum of end-diastolic septal and posterior wall thicknesses; LV internal 
dimension at end-diastole, LV mass and left atrial size. 

AFF = atrial filling fraction; HR = heart rate; LVFS = left ventricular fractional 
shortening; PR = PR interval; PVA = peak velocity A wave (m/s); PVE = peak 
velocity E wave (m/s); PVEA = ratio peak velocity E/A; SBP = systolic blood 
pressure; TVIEA = ratio time velocity integral E/A wave. 


jP <0.001; tp <0.01; Ip <0.05; §p <0.10; ¢ did not enter the 









FIGURE 4. Piots of predicted values of 


ae Se cles. Predicted values and 95% confi- 


dence intervals are shown by solid 
lines. 
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and time velocity integral A), with a resultant decrease 
in the ratios of early to late filling (peak velocity E/A 
and time velocity integral E/A). Tables of normative 
values of Doppler LV inflow parameters are provided 
that may serve as reference values for echocardiography 
laboratories interested in assessing diastolic function. 
Decade-specific normal values of Doppler indexes of 
diastolic function have not been previously reported. 
The current analyses demonstrate that age is the over- 
riding determinant of Doppler diastolic function in 
healthy subjects. Heart rate, PR interval, sex, LV sys- 
tolic function and systolic blood pressure have less im- 
portant contributions to diastolic filling parameters. 

Correlations between Doppler left ventricular inflow 
and other variables; comparison with prior studies: AS- 
SOCIATION BETWEEN AGE AND DOPPLER INDEXES OF DIA- 
STOLIC FUNCTION: The univariate correlations between 
age and Doppler transmitral indexes in this population 
are similar in magnitude to those previously report- 
ed.!2-20 In the current multivariate analyses, there was 
little attenuation of the age-diastolic function relation 
even after adjusting for several clinical parameters that 
modulate LV inflow. The mechanisms of change in dia- 
stolic function with advancing age remain largely unex- 
plained. The alterations in LV inflow observed with age 
resemble those seen with pathologic processes that be- 
come increasingly prevalent in the elderly, such as car- 
diac ischemia, hypertension and diabetes mellitus.?! 
Furthermore, cardiac anatomy changes with age; LV 
wall thickness and left atrial diameter are increased in 
the elderly.2+23 Hence, a variety of clinical and echocar- 
diographic parameters were examined to clarify the 
age-diastolic function relation. This study extends the 
findings of a small study by Kitzman et al? who report- 
ed that in normal male subjects, age-related changes in 
Doppler diastolic function parameters are independent 
of clinical variables such as LV mass, heart rate and LV 
systolic function. 

SEX AND BODY MASS INDEX: In the multivariate model, 
sex was significantly associated with peak velocity E, 
but accounted for <5% of the variance of peak velocity 
E. Other investigators!:!4.!6-!8 have not noted sex dif- 
ferences in LV inflow. In healthy subjects, obesity was 
not an important determinant of Doppler diastolic func- 
tion. Although a few studies have examined the impact 
of body surface area on Doppler LV inflow with con- 
flicting results,!*:!4.!8.20 no other study has analyzed the 
influence of obesity. 

HEART RATE AND PR INTERVAL: In healthy subjects, 
heart rate was positively and significantly associated 
with peak velocity A and atrial filling fraction and in- 
versely with peak velocities E and E/A, and time veloci- 
ty integral E/A. Although some investigators have not 
found this association,'*!®° the present investigation 
confirms the findings of Zoghbi et al!’ and Harrison et 
al?4 that heart rate is an important determinant of LV 
filling in normal subjects. Investigators** have suggested 
that increasing heart rate may alter diastolic function 
by several mechanisms including a loss of diastolic fill- 
ing time leading to an increased reliance on atrial con- 
traction for atrial emptying, and an atrial Starling 


mechanism by which greater end-diastolic atrial volume 
augments atrial systole. 

Multivariate analyses in the present investigation 
demonstrated that even in normal subjects, PR interval 
had a modest association with LV inflow; PR interval 
had a weak positive association with atrial filling frac- 
tion, and an inverse association with peak velocities E 
and E/A, ang time velocity integral E/A. Although an 
investigation of subjects with pacemakers demonstrated 
that altering atrioventricular delay changes LV filling,” 
PR interval was not previously associated with Doppler 
transmitral flow in normal subjects.!® 

BLOOD PRESSURE: This study concurs with previous 
investigators!4:!” in demonstrating an absence of associ- 
ation between diastolic blood pressure and Doppler 
transmitral flow in normal adults. Controversy exists as 
to whether there is an association between systolic blood 
pressure and LV inflow.'*!’ The current study suggests 
that in normal subjects, systolic blood pressure accounts 
for at most a small proportion of the variance of LV 
inflow parameters; in multivariate analyses, systolic 
blood pressure remained significantly associated only 
with peak velocity A and accounted for only 2% of the 
variance. 

LEFT VENTRICULAR SIZE AND SYSTOLIC FUNCTION, AND 
LEFT ATRIAL SIZE: It is plausible that age-associated de- 
creases in LV diastolic function are secondary to alter- 
ations in myocardial size and function. Multivariate 
analyses did not demonstrate a significant impact of LV 
wall thickness, internal dimension and mass, and left 
atrial size on Doppler indexes of diastolic function. LV 
systolic function was associated with peak velocities E 
and E/A in the multivariate models. However, <5% of 
the variance in the Doppler indexes was explained by 
LV systolic function. Prior investigators have not noted 
an association between Doppler diastolic function in 
normal subjects and measures of LV wall thickness or 
mass in either univariate!?.!? or multivariate!* analyses. 
A previous investigation examined the relation between 
LV filling and systolic function in normal subjects, and 
did not find any association; however, the study’s sam- 
ple size was small.”° The only prior investigation to ex- 
amine left atrial size found a similar absence of associa- 
tion with Doppler indexes of diastolic function.”° 

Mechanisms of age-related alterations of diastolic 
function: The pathogenesis of age-related alterations in 
the diastolic properties of the heart are complex, incom- 
pletely understood and reviewed elsewhere.”°”’ Briefly, 
published reports on animals suggest that an intricate 
combination of cellular hyperplasia,”*:2° cell death,’* fi- 
brosis,2? decreased calcium sequestration*®“° and in- 
creased passive stiffness?! may underlie changes in LV 
diastolic function with aging in humans. The complex 
interaction between these microscopic and biochemical 
mechanisms may explain why clinical variables that can 
be assessed in the current epidemiologic setting or can 
be measured at cardiac catheterization” do not explain 
the aging changes in Doppler-assessed diastolic func- 
tion. 

Study limitations and advantages: The Framing- 
ham sample was rigorously screened to study healthy 
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subjects. Hence, the described determinants of diastolic 
function may not be relevant to subjects with co-mor- 
bidity, altered loading conditions??? or extremes of 
heart rate. In addition, because subjects with hyperten- 
sion and valvular disease were excluded from the refer- 
ence sample, LV wall thickness and left atrial size were 
narrowly distributed; the findings should not be con- 
strued to mean that LV hypertrophy and left atrial en- 
largement are not determinants of diastolic function in 
other patient populations. Furthermore, a larger sample 
may have revealed minor statistical associations be- 
tween LV inflow and body mass index, left atrial diam- 
eter, LV wall thickness, internal dimension and mass; 
however, the magnitude of these associations would be 
unlikely to be clinically important. Finally, subjects se- 
lected from an epidemiologic setting may lead to an 
overestimation of the impact of aging on LV inflow, be- 
cause the sample may have included subjects with oc- 
cult coronary disease. 

Technical considerations may limit the use of the 
normative values. LV inflow was sampled at the mitral 
leaflet tips; therefore, the peak velocity measurements 
may be higher than values obtained at the annulus.*4 
However, Gardin et al** have noted that the ratio of 
peak late to early transmitral flow is not significantly 
affected by the position of the Doppler sample volume. 
Furthermore, the number of subjects with technically 
inadequate Doppler echocardiograms (29%) was high; 
the study was performed early in the Framingham 
Study Doppler experience. Currently, only 4% of Fra- 
mingham Study echocardiograms have technically inad- 
equate Doppler LV inflows (Galderisi MG, unpublished 
data). However, the exclusion of subjects with techni- 
cally inadequate echocardiograms would further bias 
the data set toward “super” normal subjects. Because 
the objective was to describe the determinants of Dopp- 
ler diastolic function in healthy subjects, the exclusion 
of those with technically inadequate studies should not 
be a major limitation. 

The Framingham Heart Study has several advan- 
tages over previous investigations. No other study of 
Doppler diastolic function has been reported from a 
population-based cohort. Subjects have been followed 
clinically for up to 38 years and have been systematical- 
ly studied by echocardiography since the late 1970s. 
The prospective design of the study enables a more de- 
finitive characterization of a normal subset of subjects; 
the study has available longitudinal blood pressure and 
historical information to rigorously exclude subjects 
with prior hypertension or cardiac disease. Further- 
more, previous investigations of the age-Doppler diastol- 
ic function relation were limited by an absence of multi- 
variate analyses,!?-!5.!9 small sample sizes,!2-!5:!7.19,20 
few subjects aged >70 years'?"!>.!920 and methodologic 
limitations, such as the inability to comment on Doppler 
reproducibility. 1214.18.20 
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APPENDIX 

Reproducibility: Interobserver variability of Doppler 
LV inflow was assessed by measuring a 10% random 
sample of subjects. The Pearson correlation coefficients 
of the 2 physicians’ measurements were peak velocity E 
0.97, peak velocity A 0.97, peak velocity E/A 0.99, time 
velocity integral E 0.91, time velocity integral A 0.84, 
time velocity integral E/A 0.90 and atrial filling frac- 
tion 0.93. The percent difference in the means was com- 
puted as 100[(x; — X2)/ (Xi + X2)/2], with x, being 
the first physician’s measurement, and x» being the sec- 
ond one’s measurement. The percent precision was com- 
puted as 100[1/n 2x; — xq/ (x; + x2)/2)], with n 
being the number of subjects. The percent difference in 
the means and percent precision were, respectively: peak 
velocity E —0.6 and 5.0%; peak velocity A 2.0 and 5.6%; 
peak velocity E/A —2.2 and 4.1%; time velocity integral 
E —1.5 and 7.8%; time velocity integral A —4.4 and 
11.0%; time velocity integral E/A 1.5 and 7.0%; and 
atrial filling fraction —5.1 and 7.2%. 
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Frequency and Significance of Intrapulmonary 
Right-to-Left Shunting in End-Stage 
Hepatic Disease 


William E. Hopkins, MD, Alan D. Waggoner, BA, RDMS, and Benico Barzilai, MD 


intrapulmonary vascular abnormalities consisting 
of arteriovenous malformations and capillary dila- 
tations have been described in patients with se- 
vere liver disease. These intrapulmonary vascular 
abnormalities can result in intrapulmonary right- 
to-left shunting and hypoxemia. Twenty-five of 53 
patients (47%) with end-stage hepatic disease 
were found to have contrast echocardiographic ev- 
idence of intrapulmonary right-to-left shunting. 
There was no difference in mean age, gender dis- 
tribution, or severity of hepatic disease in those 
with and without evidence of such shunting. Al- 
though there was no difference in mean partial ar- 
terial oxygen pressure (PaQ2) values in the 2 
groups (82 + 11 vs 76 + 11 mm Hg), the mean 
PaQ>2 value of those with at least 2+ left ventricu- 
lar opacification (2 to 4+) was significantly lower 
(66 + 3 mm Hg, n = 8; p <0.01). Unexpectedly, 
patients with evidence of intrapulmonary shunting 
had a lower mortality rate before transplantation 
(3 of 25, 12%) than those without evidence of 
shunting (10 of 28, 36%) resulting in a significant 
difference in actuarial survival (p <0.05) by the 
end of the follow-up period. It is concluded that in- 
trapulmonary right-to-left shunting occurs fre- 
quently in patients with end-stage liver disease 
and may be a marker of a positive biologic process 
that, in some way, leads to improved short-term 
survival. 

(Am J Cardiol 1992;70:516-519) 
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right-to-left shunting have been described in pa- 

tients with hereditary hemorrhagic telangectasia,!? 
in patients with complex congenital heart disease who 
have undergone caval to pulmonary artery anastomo- 
sis,> and in patients with severe liver disease.*-* Because 
of the success of orthotopic liver transplantation, hy- 
poxemia in the setting of end-stage liver disease has 
received increased attention. A resting room air partial 
arterial oxygen pressure (PaO2) <50 mm Hg has been 
considered a contraindication to transplantation.?:!° 
Contrast echocardiography has proved useful in detect- 
ing intrapulmonary right-to-left shunt.2>*!!-14 We 
sought to determine the prevalence of intrapulmonary 
right-to-left shunting by contrast echocardiography in 
patients with end-stage hepatic disease. In addition, be- 
cause there is little information available regarding the 
association of intrapulmonary shunting with either the 
cause or extent of liver disease, we compared the clinical 
characteristics and short-term mortality of those with 
and without evidence of intrapulmonary right-to-left 
shunting. 


[iiion s vascular abnormalities resulting in 


METHODS 

From October 1990 to December 1991, 53 patients 
with severe liver disease underwent a routine pulmonary 
and cardiovascular evaluation before liver transplantion. 

Saline contrast echocardiographic studies were per- 
formed by use of a peripheral intravenous line (19 
gauge butterfly) and two 10 ml syringes connected by a 
3-way stopcock as previously described.? A positive con- 
trast echocardiographic study indicative of intrapulmo- 
nary right-to-left shunt was defined as the delayed ap- 
pearance (3 to 6 beats after the initial appearance of 
contrast in the right side of the heart) of microbubbles 
in the left side of the heart. Appearance of these micro- 
bubbles during the first cardiac cycle or only after pro- 
vocative maneuvers (such as cough or Valsalva) were 
considered to indicate the presence of intracardiac 
shunts. The relative opacification of the left ventricle in 
patients with positive contrast echocardiograms was 
qualitatively assessed on a scale of 1 to 4+ as previously 
reported by us.? Evidence of minimal left ventricular 
microbubbles was graded 1+, moderate microbubbles 
2+, extensive microbubbles without outlining the endo- 
cardium 3+, and extensive microbubbles with clear en- 
docardial definition 4+. 

Clinical information, including cause of liver disease, 
results of liver function tests (bilirubin, aspartate ami- 
notransferase, alanine aminotransferase, albumin, and 
prothrombin time), arterial blood gas values, and out- 
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come in terms of transplantation or death, were gath- 
ered for the 2 groups of patients (those with and with- 
out intrapulmonary shunt). Results from the time of ini- 
tial evaluation were used in the calculation of mean 
values for the 2 groups. Baseline room air arterial blood 
gases were not available in 8 patients. 

Statistical analysis: Data are expressed as mean val- 
ues + 1 standard deviation. Statistical comparison of 
mean values was performed by use of the 2-tailed Stu- 
dent’s ¢ test. A chi-square test was performed to test 
differences in gender. A p value <0.05 was considered 
significant in all cases. 

Actuarial survival was determined by life-table anal- 
ysis, with death and transplantation considered as end 
points. A p value <0.05 was considered indicative of a 
significant difference (2-tailed test). 


RESULTS 

Prevalence of intrapulmonary right-to-left shunt- 
ing: A total of 53 patients (29 women and 24 men, 
mean age 51 + 10 years) were studied. There were 25 
patients with positive contrast echocardiographic studies 
indicating that the prevalence of intrapulmonary right- 
to-left shunting was 47% in this patient cohort. An ex- 
ample of a positive contrast echocardiographic study 
can be seen in Figure 1. The relative opacification of the 
left ventricle was considered to be 3+ in this example 
(see Methods). A subset of patients underwent repeat 
injection of agitated saline solution (n = 11: 3 with evi- 
dence of shunt and 8 without). In all cases the results 
were the same as that of the initial injection. 

Clinical and laboratory characteristics of those with 
and without evidence of intrapulmonary right-to-left 
shunting: There was no difference in mean age or gen- 
der distribution in the 2 groups (Table I). In addition, 
there was no difference in mean bilirubin, aspartate or 
alanine aminotransferase levels, or in the severity of liv- 
er disease as reflected by hepatic synthetic capacity (al- 
bumin and prothrombin time values) (Table I). 

Analysis of the etiology of liver disease in the 2 
groups yielded interesting results. Seven of the 10 pa- 
tients with primary biliary tract disease (primary biliary 
cirrhosis or primary sclerosing cholangitis) had evidence 
of intrapulmonary shunting. Among patients with disor- 
ders marked by hepatocellular destruction (chronic ac- 
tive hepatitis and alcohol-induced liver disease), 13 of 
32 (41%) had evidence of intrapulmonary shunting (Ta- 
ble II). 

Oxygenation and short-term mortality: There was 
no difference in the mean PaO, values of those with and 
without evidence of intrapulmonary right-to-left shunt- 
ing (p = 0.07) (Table I). 

To determine whether the extent of intrapulmonary 
right-to-left shunting correlated with PaO, values, the 
relative opacification of the left ventricle during con- 
trast echocardiography was qualitatively assessed on a 
scale of 1 to 4+ (as described in Methods). There was 
no difference in the mean PaO, value of those without 
evidence of right-to-left shunt compared with those with 
1+ opacification (Figure 2). In contrast, the mean PaO» 
value in patients with 2 to 4+ opacification was signifi- 


cantly lower than in those without evidence of shunt (66 
+ 3 vs 82 + 11 mm Hg; p <0.01) (Figure 2). All 8 of 
the patients with 22+ opacification had PaO) values of 
<70 mm Hg (range 60 to 70). One of these patients 
(PaO, = 60 mm Hg) underwent formal analysis on 
100% oxygen in the supine and standing positions and 
did exhibit orthodeoxia (PaO, decreased from 272 to 
224 mm Hg). Arterial blood gases were not available in 
2 patients with intrapulmonary shunting (both with 1+ 
opacification). 





FIGURE 1. Contrast echocardiography. A, apical 4-chamber 
view before injection of agitated saline (contrast). B, apical 4- 
chamber view after contrast injection showing opacification of 
the right atrium (RA) and ventricle (RV). C, apical 4-chamber 
view showing microbubbles within the left atrium (LA) and 
ventricle (LV). Contrast appeared within the left heart 4 beats 
after it first appeared within the right heart consistent with in- 
trapulmonary right-to-left shunting. 
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TABLE I Clinical Characteristics 


Age (years) 

Men/women 

Partial pressure of O2 in arterial blood (mm Hg) 
Bilirubin (mg/dl) 

Aspartate aminotransferase (U/liter) 

Alanine aminotransferase (U/liter) 

Albumin (g/dl) 

Prothrombin time (sec) 








In all, 13 patients died before transplantation or 
study termination with a mean time to death of 51 + 77 
days after initial evaluation. Ten deaths (36%) occurred 
in the group (n = 28) without evidence of shunt com- 


TABLE ll Etiology of Liver Disease 


Echocardiogram 


Positive 
Contrast (n) 


Etiology of 
Liver Disease 


Negative 
Contrast (n) 


Chronis active hepatitis 
Hepatitis C 
Hepatitis B 
Non A, non B, non C 
Autoimmune 
Hepatitis C/alcohol 
Alcohol 
Cryptogenic 
Primary biliary cirrhosis 
Primary sclerosing cholangitis 
a-1l-antitrypsin deficiency 
Hemangioma 
Sarcoid 


Oron nN UO HK kK ON OO 
RFP ONM DWN WR NR ke UO 


PaO 2 (mmHg) 


\ o 


\ 


diograms was qualitatively assessed on a scale of 1 to 4+ (as 
described in Methods). Results are expressed as mean + 1 
SD. PaO2 = partial pressure of oxygen in arterial blood; *p 
<0.01. 


Values represent mean + 1 SD 












Echocardiogram 











Positive Contrast 
(n = 25) 


Negative Contrast 
(n = 28) 








5129 50 + 10 








11 (39%)/17 (61%) 13 (52%)/12 (48%) 
82 +1] 76:2 11 
5.9 + 9.2 7.0+ 88 
132 + 166 133 + 61 
83 +113 83 + 58 
2.8+0.5 2.8+0.4 
15.7 + 3.0 16.7 +331 






pared with 3 deaths (12.0%) in the group (n = 25) with 
evidence of shunt at the end of the study (2 patients 
with 1+ left ventricular opacification and 1 with 2+ 
opacification). There was a significant difference in sur- 
vival (p <0.05) by the end of the follow-up period as 
determined by life-table analysis (Figure 3). There was 
no difference in length of follow-up of those with and 
without evidence of intrapulmonary right-to-left shunt- 
ing (159 + 112 vs 108 + 88 days; p = 0.07; range 2 to 
400). Fourteen patients have undergone transplantation, 
5 with evidence of (2 deaths after transplantation) and 
9 without (1 death after transplantation) shunting. 


DISCUSSION 

Fluckiger and Vorkommen first described the com- 
bination of cyanosis and cirrhosis in 1884.!> Later 
Berthelot et al!® reported that intrapulmonary vascular 
abnormalities consisted of parenchymal and pleural 
capillary dilatations and arteriovenous malformations. 
When these intrapulmonary vascular abnormalities are 
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FIGURE 3. Actuarial survival of patients with and without 
echocardiographic evidence of intrapulmonary shunting. 
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extensive, hypoxemia and the syndrome of platypnea 
and orthodeoxia results. 

Intravenous injection of agitated saline solution re- 
sults in the appearance of echo-dense microbubbles in 
the right heart during 2-dimensional echocardiography. 
Under normal circumstances these microbubbles are fil- 
tered in the pulmonary capillary bed and do not appear 
in the left heart.!’ The presence of either intracardiac or 
intrapulmonary right-to-left shunting results in the ab- 
normal appearance of microbubbles in the left heart. 
We found that 47% of patients with end-stage hepatic 
disease referred for transplantation had 2-dimensional 
echocardiographic evidence of intrapulmonary right-to- 
left shunting. Krowka et al,® however, only reported a 
prevalence of 13% in a group of 40 outpatients under 
consideration for liver transplantation. These investiga- 
tors reported that none of the 18 patients with either 
primary biliary cirrhosis or primary sclerosing cholangi- 
tis had evidence of intrapulmonary shunting. In con- 
trast, 7 of 10 patients in our cohort had evidence of 
intrapulmonary shunting. The reason for these differ- 
ences are not readily apparent. 

Similar to the findings of Krowka et al, we also 
found no difference in mean PaO, in the 2 groups. 
However, we did find a relationship between the extent 
of shunting and oxygenation with a significantly lower 
mean PaO, value in patients with at 22+ left ventricu- 
lar opacification (Figure 2). Although the prevalence of 
intrapulmonary shunting was high in our patient cohort 
none had a resting PaO. <60 mm Hg. Therefore, 
whereas intrapulmonary right-to-left shunting is rela- 
tively common in patients with end-stage liver disease, 
severe hypoxemia appears to be rare. 

An unexpected finding resulted from the comparison 
of the 2 groups by life-table analysis. This revealed a 
statistically significant difference in survival by the end 
of the follow-up period. Although this result may in 
some way represent selection bias or inherent differ- 
ences between the 2 groups, we postulate that intrapul- 
monary vascular abnormalities may in fact be a marker 


of a beneficial factor produced in the liver (or else- 
where). Further studies with more patients and longer 
follow-up will be needed to address this issue and to 
identify the cause of pulmonary vascular changes that 
occur in patients with liver disease. 
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Factors Influencing the Development of 





Hypercholesterolemia After 


Cardiac Transplantation 


Spencer H. Kubo, MD, Jeffrey R. Peters, MA, MPH, Kevin R. Knutson, BS, 
Marshall |. Hertz, MD, Maria Teresa Olivari, MD, R. Morton Bolman, MD, 
and Donald B. Hunninghake, MD 


Although hypercholesterolemia is a frequent com- 
plication in cardiac transplant recipients, the ex- 
act mechanisms contributing to its development 
are not known. Cholesterol levels in 151 thoracic 
transplant patients treated with cyclosporine, aza- 
thioprine and prednisone were retrospectively ex- 
amined to evaluate the factors influencing the het- 
erogeneity of changes after the first year after 
transplantation in patients on a standard 3-drug 
immunosuppression regimen. Three groups were 
compared including ischemic heart transplant 

(n = 72), nonischemic heart transplant (n = 64) 
and heart-lung/lung transplant (n = 15) recipients. 
After the first year, 64 patients (43%) developed 
consistent hypercholesterolemia (>240 mg/dl) for 
which pharmacologic treatment was initiated. For- 
ty-eight patients (67%) in the ischemic heart 
transplant group required treatment, significantly 
(p <0.001) greater than both the nonischemic 

(n = 14; 22%) and heart-lung/lung transplant 

(n = 2; 13%) group. Univariate and forward step- 
wise multivariate regression analysis identified 4 
factors that were all significantly and indepen- 
dently correlated with follow-up cholesterol includ- 
ing prednisone dose (p <0.001), baseline choles- 
terol (p <0.001), glucose (p <0.001) and weight 
gain (p <0.01). Changes in triglycerides in the 3 
groups of patients were similar to changes in cho- 
lesterol. Furthermore, the increase in cholesterol 
in patients requiring treatment was primarily due 
to an increase in low-density lipoprotein cholester- 
ol. These data demonstrate that hypercholesterol- 
emia is common in heart transplant recipients 
treated with standard 3-drug immunosuppression 
and generally develops within the first 2 years af- 
ter transplantation. However, this complication is 
not uniform and appears to be most strongly relat- 
ed to previous coronary artery disease. Finally, 
this complication is a multifactorial process that is 
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related to several risk factors, including predni- 
sone dose, glucose levels and weight gain. 
(Am J Cardiol 1992;70:520-526) 


complication in cardiac transplant recipients!!! 

and may be associated with allograft vasculopa- 
thy,!>13 the mechanisms contributing to the develop- 
ment of hypercholesterolemia in this setting are not 
known. Previous studies have suggested that several risk 
factors are important including a history of coronary 
artery disease, the magnitude of post-transplant weight 
gain, age and immunosuppression regimens using cyclo- 
sporine and corticosteroids.'-!? However, most of the 
these studies are limited by a relatively small sample 
size, variable duration of follow-up and comparison of 
patients undergoing transplantation using different im- 
munosuppression regimens. Therefore, we retrospective- 
ly examined cholesterol levels in 151 patients to evalu- 
ate further the factors influencing heterogeneity of 
changes after the first year after transplantation. Be- 
cause all patients were treated with cyclosporine, aza- 
thioprine and prednisone, this analysis provides impor- 
tant reference data on the incidence and severity of hy- 
percholesterolemia in patients on a standardized 3-drug 
regimen. In addition, based on the observation that 
changes were not uniform in this large population, we 
specifically addressed the effect of previous underlying 
disease by comparing patients with a previous history of 
ischemic heart disease to patients who did not have pre- 
existing lipid abnormalities including patients with an 
idiopathic dilated cardiomyopathy and those undergo- 
ing heart-lung and lung transplantation. 


A Ithough hypercholesterolemia is a frequent 


METHODS 

Adult patients (aged >18 years) who underwent 
heart, heart-lung or lung transplantation at the Univer- 
sity of Minnesota from December 1983 through Janu- 
ary 1990 were considered for this retrospective investi- 
gation. Patients were included if they survived 212 
months and had lipid profiles available during the fol- 
low-up period. The study comprised 151 patients: 136 
heart, 10 heart-lung and 5 lung transplant recipients. 
The heart transplant recipients were further subdivided 
based on the etiology of heart failure. Seventy two pa- 
tients had a previous diagnosis of coronary disease 
based on a history of coronary artery bypass surgery, 
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documented myocardial infarction or angiographic evi- 
dence of stenoses >70% in diameter of a major epicar- 
dial artery. Sixty-four patients had heart failure related 
to a nonischemic etiology including idiopathic (n = 58), 
rheumatic (n = 5), and Chagas disease (n = 1). The in- 
dications for transplantation in the heart-lung and lung 
transplant group included primary pulmonary hyperten- 
sion (n = 7), idiopathic pulmonary fibrosis (n = 2), a-1 
antitrypsin deficiency (n = 3), the Eisenmeinger syn- 
drome (n = 2) and lymphangiomyomatosis (n = 1). 

The 3-drug immunosuppression protocol used in all 
patients has been previously described in detail.!4 Cyclo- 
sporine was administered orally 2 hours before surgery 
at 6 to 10 mg/kg based on serum creatinine. After sur- 
gery, cyclosporine (2 to 6 mg/kg/day) was given in 2 
divided doses adjusted to maintain a whole blood trough 
level of 200 ng/ml for the first 6 months and then 100 
ng/ml thereafter. Azathiaprine (2 mg/kg) was given 
orally 2 hours before surgery and then maintained at 
2.5 mg/kg/day with dose adjustments to maintain a 
white blood cell count >4,000 mm>. Steroid doses in- 
cluded methylprenisolone (125 mg 3 times a day) given 
on the day of surgery followed by oral prednisone (1 
mg/kg/day) and tapered to 0.3 mg/kg/day by 3 
months and 0.1 mg/kg/day by 12 months. 

After transplantation, patients returned to the clinic 
twice a week for the first 2 months, monthly for the 
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TABLE I Demographic Characteristics of Transplant Recipients 


Heart-Lung 
or Lung 
Transplant 


Heart Transplant 


Ischemic Nonischemic 


No. of pts. 72 64 15 

Men/women* 63/9 46/18 8/7 

Age (years) 52 +7 46 +12 41 + 8T 

Total duration of follow-up 3.22 1.4°.°3.54%-14 -1626.9 
(years) 

No. requiring drug treatment 48 (67%)§ 
(% of group) 

Time to drug treatment 
(mos) 

Range 


14 (22%) 2 (13%) 


15.6 19.2 22.1 


2.6-48.5 1.2—60.0 12.8—-31.5 
*Ratio of men to women in each group is significantly different. Chi-square = 16.49; 
p <0.005. 
tp <0.001 versus ischemic and nonischemic groups. 
tp <0.05 versus ischemic and nonischemic groups. 
§p <0.001 versus nonischemic group and heart-lung/lung transplant groups. 


next 4 months and every 3 months thereafter. All pa- 
tients were instructed on the importance of weight con- 
trol, exercise and a low-fat, low-cholesterol diet, but 
there were no standardized measures to enforce com- 
pliance with these recommendations. At most visits, 
weight, blood pressure and blood chemistries were ob- 
tained. Plasma cholesterol and triglycerides were mea- 
sured every 3 months using the standard Lipid Re- 


rt-Lung, Lung 


Follow—up 


N = Non-Treatment *** P<0.001 





FIGURE 1. Baseline and follow-up cholesterol levels for the treatment/nontreatment subgroups of the ischemic, nonischemic and 


heart-lung /lung transplant groups. For discussion, see text. 
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search Clinics techniques. Low- and high-density lipo- 
protein subfractions were measured in a subgroup of 
patients with standard Lipid Research Clinic techniques 
and calculated using the Friedwald equation. Follow-up 
lipid values after transplantation were compared with 
baseline lipids drawn during the evaluation for potential 
transplantation. 

Pharmacologic therapy with either gemfibrozil or lo- 
vastatin was initiated if the total plasma cholesterol was 
consistently 2240 mg/dl during follow-up visits. Pa- 
tients were therefore subdivided into 2 subgroups in- 
cluding those who did and those who did not require 
therapy (treatment and nontreatment subgroups, re- 
spectively). For the treatment subgroup, the last plasma 
lipid level before initiating therapy was recorded and 
the average time from transplant to that level was cal- 
culated. For comparison, the lipid value taken closest to 
this same time interval was used in the nontreatment 
subgroup. 





4 Cholesterol (mg/dl) 


Baseline Cholesterol (mg/dl) 


Non-ischemic 


4 Cholesterol (mg/dl) 






250 
Baseline Cholesterol (mg/dl) 


All values were reported as mean + 1 SD. Follow-up 
lipid values were compared with baseline for each pa- 
tient in all groups with paired ¢ tests. The changes in 
lipid levels from baseline to follow-up were compared 
between the ischemic, nonischemic and heart-lung/lung 
groups by analysis of variance. The association of con- 
tinuous parameters to follow-up cholesterol was as- 
sessed by univariate and multiple regression analysis. 
The independent contribution of each parameter was 
then assessed by a forward stepwise multiple regression 
analysis using all patient groups (n = 151). A p value 
<0.05 was considered significant. 


RESULTS 

Table I summarizes the patient characteristics of the 
3 groups (117 men and 34 women). The distribution by 
gender was significantly different among the 3 groups 
(Chi-square = 16.49, p <0.005). The mean age for all 3 
groups was 48.8 + 10.1 years. Heart-lung/lung trans- 
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plant recipients (41.2 + 7.7 years) were significantly 
younger than patients in both heart transplant groups (p 
<0.005). The mean duration of follow-up for all groups 
was 3.17 years and was significantly shorter in the heart 
lung/lung transplant group. 

After transplant, a total of 64 patients (42.4%) de- 
veloped consistent hypercholesterolemia for which phar- 
macologic treatment was initiated. This included 48 
(67%), 14 (22%) and 2 (13%) patients in the ischemic, 
nonischemic and heart-lung/lung groups, respectively 
(Table I). The percentage of patients requiring pharma- 
cologic treatment was higher in the ischemic group than 
in both the nonischemic and heart-lung/lung groups 
(both p <0.001). The mean interval between transplant 
and the initiation of drug treatment was 15.6, 19.2 and 
22.1 months in the ischemic, nonischemic and heart/ 
lung transplant groups, respectively. 

Baseline and follow-up cholesterol levels for the 
treatment/nontreatment subgroups of the ischemic, 
nonischemic and heart-lung/lung transplant groups are 
shown in Figure 1. Among the ischemic heart trans- 
plant recipients, the treatment subgroup (n = 48) had 
an increase in cholesterol from a baseline 217 to 295 
mg% (p <0.001). The nontreatment subgroup (n = 24) 
also had an increase, from 174 to 221 mg% (p <0.01). 
However, this increase was significantly less than the 
increase observed in the treatment subgroup (p = 0.06). 
A similar pattern was observed in the other 2 groups. 
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For the nonischemic heart transplant recipients, the 
treatment subgroup (n = 14) had a large increase in 
cholesterol, from 187 to 290 mg% (p <0.001). The in- 
crease in cholesterol for the nontreatment subgroup was 
156 to 215 mg% (p <0.001), which was significantly 
less than the change observed in the treatment subgroup 
(p <0.02). Finally, for the heart-lung/lung transplant 
recipients, the treatment subgroup (n = 2) had an in- 
crease in cholesterol from 229 to 287 mg%, whereas the 
nontreatment subgroup had an increase from 194 to 
252 mg%. 

Baseline cholesterol significantly correlated with the 
change in cholesterol during follow-up. For both isch- 
emic (r = —0.719, p <0.001) and nonischemic (r = 
—0.587, p <0.001) heart transplant groups, the increase 
in cholesterol was greatest among patients with the low- 
est baseline value (Figure 2). This correlation to a cer- 
tain extent reflects the fact that drug therapy was insti- 
tuted for serum cholesterol readings that were consis- 
tently >240 mg%. Thus, patients starting with the 
highest cholesterol would have the smallest change dur- 
ing follow-up because therapy was initiated, and pa- 
tients with the lowest baseline cholesterol might have 
the largest change during follow-up. However, Figure 3 
demonstrates the cholesterol levels in the nontreatment 
groups beyond the first year of follow-up. These pa- 
tients do not develop hypercholesterolemia with longer 
follow-up, suggesting a true difference in the tendency 


145-192 





FIGURE 3. Follow-up cholesterol levels in the nontreatment subgroups in both the ischemic and nonischemic heart transplant re- 
cipients. The fact that these patients do not develop hypercholesterolemia with longer follow-up suggests that there is a true dif- 
ference in the tendency to develop hypercholesterolemia in this subgroup. 
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to develop hypercholesterolemia rather than a differ- 
ence based on a lower baseline value. 

Factors known to influence the development of hy- 
percholesterolemia in the general population were then 
correlated among all patients using univariate linear re- 
gression analysis. There were only limited correlations 
between follow-up cholesterol and weight gain (r = 
—0.118; p = 0.19), follow-up glucose (r = 0.270; p = 
0.001), cyclosporine dose (r = 0.106; p = 0.20), azathia- 
prine dose (r = —0.086; p = 0.31) and prednisone dose 
(r = 0.274; p <0.01). Although some of these values 
were statistically significant, the correlations were all 
modest. There were no correlations with age and there 
were no significant differences between men and wom- 
en. With multiple regression analysis, the variables that 
were significantly correlated with follow-up cholesterol 
were prednisone dose (p <0.001), baseline cholesterol 
(p <0.001), glucose (p <0.001) and weight gain (p 
<0.01). Forward stepwise multiple regression analysis 
also demonstrated that the same 4 factors (prednisone 


TABLE Il Forward Stepwise Regression Analysis 


Regression 


Coefficient t Score p Value 


4.4669 
0.2203 
0.4591 
—0.2984 


4.7088 
3.4745 
3.8077 
—2.5461 


Prednisone dose 
Baseline cholesterol 
Glucose 

Weight gain 


ischemic 


Triglycerides (mg/dl) 


YZ Baseline 


T = Treatment 








dose, baseline cholesterol, glucose and weight gain) 
were all statistically significant and added independent- 
ly of each other (Table II). 

Baseline and follow-up triglyceride values for the 
treatment/nontreatment subgroups of the ischemic, 
nonischemic and heart-lung/lung transplant groups are 
shown in Figure 4. Among the ischemic heart trans- 
plant recipients, the treatment subgroup had an increase 
in triglycerides from 170 to 296 mg/dl (p <0.001). The 
nontreatment group had an increase from 133 to 182 
mg/dl (p = not significant); however this change was 
significantly less than the increase observed in the treat- 
ment subgroup (p <0.05). Similarly, in the nonischemic 
heart transplant recipients, the treatment subgroup had 
an increase in triglycerides from 144 to 260 mg/dl 


TABLE Wl High- and Low-Density Lipoprotein Levels in Heart 
Transplant Recipients During Follow-Up 


Ischemic heart transplant recipients 











(n = 27) 53 171 
Treatment (n =-15) 53 s 198 
No treatment (n = 12) 54 140* 

Nonischemic heart transplant recipients 
(n = 24) 130 
= Treatment (n = 3) 47 178 


No treatment (n = 21) 








*p <0.05 versus treatment group. 
HDL = high-density lipoprotein; LDL = low-density lipoprotein. 


Non-Ischemic 


* P<0.05 
** P<0.001 


Follow—up 


N = Non-Treatment 


FIGURE 4. Baseline and follow-up triglyceride levels for the treatment/nontreatment subgroups of the ischemic/nonischemic and 
transplant 


heart-lung /ung groups. For discussion, see text. 


524 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 15, 1992 


(p = not significant), whereas the increase for the non- 
treatment subgroup was 114 to 162 mg/dl (p <0.001). 
The change in the nontreatment subgroup was also less 
than the increase observed in the treatment subgroup 
(p = 0.06). Finally, for the heart-lung/lung transplant 
group, the treatment group had an increase in triglycer- 
ides from 205 to 310 mg/dl (p <0.05), whereas the 
nontreatment group had an increase from 130 to 201 
mg/dl. 

Data on high- and low-density lipoproteins were 
available only at the time of follow-up in a subset of the 
patients (Table III). When comparing the treatment 
and nontreatment subgroups, there were no differences 
in follow-up high-density lipoprotein levels in both the 
ischemic and nonischemic heart transplant groups. In 
contrast, there were significant differences in the follow- 
up low-density lipoprotein levels between the treatment 
and nontreatment subgroups. In both ischemic and non- 
ischemic groups, the treatment subgroup had signifi- 
cantly higher levels of low-density lipoproteins at follow- 
up than the nontreatment group. This suggests that the 
development of hypercholesterolemia is also associated 
with an atherogenic subtype. 


DISCUSSION 

The present study demonstrates 3 important findings 
concerning the development of hypercholesterolemia 
among heart transplant recipients treated with standard 
3-drug immunosuppression. First, this study confirms 
previous observations that this complication is a com- 
mon occurrence and generally develops within the first 
2 years after transplantation.'"!' Second, however, this 
complication is not uniform and appears to be most 
strongly related to previous ischemic heart disease, since 
there were significant differences among the ischemic 
heart transplant and the nonischemic heart transplant 
and heart-lung/lung transplant groups. Finally, by for- 
ward stepwise multiple regression analysis, common 
“risk” factors appear to be important contributors, be- 
cause the increase of cholesterol levels after transplant 
was significantly correlated with prednisone dose, glu- 
cose levels and weight gain. 

Several previous studies have reported large in- 
creases in mean cholesterol in heart transplant recipi- 
ents.!-!! However, this type of analysis can potentially 
obscure important patient-to-patient variability and the 
fact that hypercholesterolemia after transplantation is 
not uniform. One important strength of the present 
study is that we analyzed in the same patient population 
many of the risk factors that were separately identified 
in these previous studies. From this comprehensive data- 
base, it is clear that hypercholesterolemia after trans- 
plantation is a multifactorial process related to several 
key variables. 

The identification of a multifactorial process may in- 
fluence treatment strategies. It is unlikely that a single 
treatment intervention (e.g., weight loss, pharmacologic 
agents) will have uniform success. Therefore, similar to 
the management of hyperlipidemia in nontransplant 
populations, a multifaceted individualized approach 
may be more successful. Moreover, these data suggest 
that early treatment efforts should be directed primarily 


for heart transplant recipients with a previous diagnosis 
of ischemic heart disease because these patients are at 
highest risk for developing hypercholesterolemia. Final- 
ly, the identification of a multifactorial process strongly 
suggests that hypercholesterolemia is unlikely to be 
solely dependent on the administration of immunosup- 
pressive agents. 

In this regard, there has been increasing interest in 
steroid withdrawal protocols to reduce the incidence and 
severity of several complications that are thought to be 
strongly related to the long-term administration of ste- 
roids. However, studies in which steroids are discontin- 
ued after the first 6 months after transplantation have 
revealed only a small reduction in follow-up cholesterol 
levels.!5 This response is consistent with the present 
study that demonstrates that the correlation between 
prednisone and follow-up cholesterol is modest. It may 
also be anticipated that steroid discontinuation associ- 
ated with weight loss and a reduction in glucose levels 
should result in a greater cholesterol response. 

The relation of hypercholesterolemia to allograft 
vasculopathy and long-term prognosis is difficult to 
evaluate in this study since treatment was initiated in 
43% of the patients. It is also difficult to compare base- 
line cholesterol levels between the different groups be- 
fore transplantation because the severity of heart failure 
and the extent of weight loss and cachexia may lower 
cholesterol levels. 

This study is limited by the fact that follow-up cov- 
ered only 3.17 years. However, it is striking to observe 
the consistency of follow-up cholesterol levels in the 
nontreatment subgroup over longer periods of time, sug- 
gesting that this is a subgroup without a strong predis- 
position for hypercholesterolemia. Second, some pa- 
tients in the nontreatment subgroups occasionally had 
isolated cholesterol levels >240 mg%, which may have 
increased the average level for that subgroup. However, 
treatment decisions were based on multiple determina- 
tions that were consistently >240 mg%. Finally, all pa- 
tients were treated with the same immunosuppressive 
protocol. Therefore, it is possible that a prospective ran- 
domized trial using different immunosuppressive regi- 
mens would yield different results. 
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In the treatment of hypertension, 


Are you confused 
about calcium channel 
blockers? 


Calan Calan SR 


(verapamil hydrochloride) (verapamil hydrochloride) 


Cardene | PO | Cardizem SR 


(nicardipine hydrochloride) (diltiazem hydrochloride) (diltiazem hydrochloride) 


DynaCirc Isoptin 


(isradipine) (verapamil hydrochloride) 


Isoptin SR Procardia XL Verelan 


(verapamil hydrochloride) (nifedipine) (verapamil hydrochloride) 


FLENDIL 


NOTE: Calan is a registered trademark of Searle Pharmaceuticals Inc.; Cardene is a registered 
trademark of Syntex (U.S.A.), Inc.; Cardizem is a registered trademark of Marion Merrell Dow Inc.; 
DynaCirc is a registered trademark of Sandoz Pharmaceuticals Corporation; Isoptin is a registered 
trademark of Knoll Aktiengeselischaft; Procardia XL is a registered trademark of Pfizer Inc.; 
Verelan is a registered trademark of Elan Corporation. 


Please see the Brief Summary of Prescribing Information on the last page of this advertisement. 


PLENDIL is a registered trademark of AB Astra. PRINTED ON RECYCLED PAPER &) 





or hypertension, 


These calcium channel 
blockers are 
dihydropyridines 
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e once-a-day dosing 
e vascular selectivity 


e savings from 29% to 60% 
compared with the starting 

doses of other once-a-day 

calcium channel blockers* 





Once-a-day 





For mild-to-moderate hypertension 


PLENDIL is contraindicated in patients who are hypersensitive to this product. Felodipine, like other calcium 
antagonists, may occasionally precipitate significant hypotension and, rarely, syncope. It may lead to reflex 
tachycardia, which in susceptible individuals may precipitate angina pectoris. (See ADVERSE REACTIONS.) 


Although acute hemodynamic studies in a small number of patients with NYHA Class II or Ill heart failure 
treated with felodipine have not demonstrated negative inotropic effects, safety in patients with heart failure 
has not been established. Caution, therefore, should be exercised when using PLENDIL in patients with 
heart failure or compromised ventricular function, particularly in combination with a beta blocker. 


* Based on the usual recommended starting dose(s) from the manufacturers’ current product information for once-a-day 
calcium channel blockers for hypertension. Prices are manufacturers’ direct prices, if available, or average wholesale prices from 
Medi-Span® Prescription Pricing Guide, May 1992, based on the most frequently purchased package size for each strength. 


Please see the Brief Summary of Prescribing Information on the last page of this advertisement. 


A dihydropyridine calcium channel blocker 
for mild-to-moderate hypertension 


Once-a-day 








Available in: = = 





Smg 10 mg 


CONTRAINDICATIONS: PLENDIL is contraindicated in pa- 
tients who are hypersensitive to this product. 


PRECAUTIONS: General: Hypotension: Felodipine, like 
other calcium antagonists, may occasionally precipitate sig- 
nificant hypotension and rarely syncope. It may lead to reflex 
tachycardia which in susceptible individuals may precipitate 
angina pectoris. (See ADVERSE REACTIONS.) 


Heart Failure: Although acute hemodynamic studies in a 
small number of patients with NYHA Class Il or III heart failure 
treated with felodipine have not demonstrated negative ino- 
tropic effects, safety in patients with heart failure has not 
been established. Caution therefore should be exercised 
when using PLENDIL in patients with heart failure or compro- 
mised ventricular function, particularly in combination with a 
beta blocker. 


Elderly Patients or Patients with Impaired Liver Function: 
Patients over 65 years of age or patients with impaired liver 
function may have elevated plasma concentrations of felodi- 
pine and may therefore respond to lower doses of PLENDIL. 
These patients should have their blood pressure monitored 
closely during dosage adjustment of PLENDIL and should 
rarely require doses above 10 mg. (See CLINICAL PHARMA- 
COLOGY and DOSAGE AND ADMINISTRATION.) 


Peripheral Edema: Peripheral edema, generally mild and 
not associated with generalized fluid retention, was the most 
common adverse event in the clinical trials. The incidence of 
peripheral edema was both dose- and age-dependent. Fre- 
quency of peripheral edema ranged from about 10 percent in 
patients under 50 years of age taking 5 mg daily to about 30 
percent in those over 60 years of age taking 20 mg daily. This 
adverse effect generally occurs within 2-3 weeks of the initia- 
tion of treatment. 


Information for Patients: Patients should be instructed to 
take PLENDIL whole and not to crush or chew the tablets. 
They should be told that mild gingival hyperplasia (gum 
swelling) has been reported. Good dental hygiene de- 
creases its incidence and severity. 


NOTE: As with many other drugs, certain advice to patients 
being treated with PLENDIL is warranted. This information is 
intended to aid in the safe and effective use of this medica- 
tion. It is not a disclosure of all possible adverse or intended 
effects. 


Drug Interactions: Beta-Blocking Agents: A pharmaco- 
kinetic study of felodipine in conjunction with metoprolol 
demonstrated no significant effects on the pharmaco- 
kinetics of felodipine. The AUC and Cm of metoprolol, how- 
ever, were increased approximately 31 and 38 percent, 
respectively. In controlled clinical trials, however, beta-block- 
ers including metoprolol were concurrently administered 
with felodipine and were well tolerated. 

Cimetidine: In healthy subjects pharmacokinetic studies 
showed an approximately 50 percent increase in the area un- 
der the plasma concentration time curve (AUC) as well as the 
Cra of felodipine when given concomitantly with cimetidine. 
Itis anticipated that a clinically significant interaction may oc- 
cur in some hypertensive patients. Therefore, it is recom- 
mended that low doses of PLENDIL be used when given 
concomitantly with cimetidine. 

Digoxin: When given concomitantly with felodipine the peak 
plasma concentration of digoxin was significantly increased. 
There was, however, no significant change in the AUC 
of digoxin. 

Other Concomitant Therapy: In healthy subjects there 
were no Clinically significant interactions when felodipine 
was given concomitantly with indomethacin or spironolac- 
tone. 


Interaction with Food: See CLINICAL PHARMACOLOGY. 
Pharmacokinetics and Metabolism. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In 
a two-year Carcinogenicity study in rats fed felodipine at 
doses of 77, 23.1 or 69.3 mg/kg/day (up to 28 times* the maxi- 
mum recommended human dose on a mg/m? basis), a dose- 
related increase in the incidence of benign interstitial cell 
tumors of the testes (Leydig cell tumors) was observed in 
treated male rats. These tumors were not observed in a simi- 
lar study in mice at doses up to 138.6 mg/kg/day (28° times 
the maximum recommended human dose on a mg/m? basis). 
Felodipine, at the doses employed in the two-year rat study, 
has been shown to lower testicular testosterone and to pro- 
duce acorresponding increase in serum luteinizing hormone 
in rats. The Leydig cell tumor development is possibly sec- 
ondary to these hormonal effects which have not been ob- 
served in man. 

In this same rat study a dose-related increase in the inci- 
dence of focal squamous cell hyperplasia compared to con- 
trol was observed in the esophageal groove of male and 
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female rats in all dose groups. No other drug-related esopha- 
geal or gastric pathology was observed in the rats or with 
chronic administration in mice and dogs. The latter species. 
like man, has no anatomical structure comparable to the 
esophageal groove. 

Felodipine was not carcinogenic when fed to mice at 
doses of up to 138.6 mg/kg/day (28 times* the maximum rec- 
ommended human dose on a mg/m? basis) for periods of up 
to 80 weeks in males and 99 weeks in females. 

Felodipine did not display any mutagenic activity in vitro 
in the Ames microbial mutagenicity test or in the mouse lym- 
phoma forward mutation assay. No clastogenic potential was 
seen in vivo in the mouse micronucleus test at oral doses up 
to 2500 mg/kg (506 times* the maximum recommended hu- 
man dose on a mg/m basis) or in vitro in a human lympho- 
cyte chromosome aberration assay. 

A fertility study in which male and female rats were ad- 
ministered doses of 3.8, 9.6 or 26.9 mg/kg/day showed no 
significant effect of felodipine on reproductive performance. 


Pregnancy: Pregnancy Category C: Teratogenic Effects. 
Studies in pregnant rabbits administered doses of 0.46, 1.2, 
2.3 and 4.6 mg/kg/day (from 0.4 to 4 times* the maximum rec- 
ommended human dose on a mg/m’ basis) showed digital 
anomalies consisting of reduction in size and degree of ossi- 
fication of the terminal phalanges in the fetuses. The fre- 
quency and severity of the changes appeared dose-related 
and were noted even at the lowest dose. These changes 
have been shown to occur with other members of the dihy- 
dropyridine class and are possibly a result of compromised 
uterine blood flow. Similar fetal anomalies were not observed 
in rats given felodipine. 

In a teratology study in cynomolgus monkeys no reduc- 
tion inthe size of the terminal phalanges was observed but an 
abnormal position of the distal phalanges was noted in about 
40 percent of the fetuses. 


Nonteratogenic Effects: A prolongation of parturition with dif- 
ficult labor and an increased frequency of fetal and early 
postnatal deaths were observed in rats administered doses 
of 9.6 mg/kg/day (4 times* the maximum human dose on a 
mg/m? basis) and above. 

Significant enlargement of the mammary glands in ex- 
cess of the normal enlargement for pregnant rabbits was 
found with doses greater than or equal to 1.2 mg/kg/day 
(equal to the maximum human dose on a mg/m? basis). This 
effect occurred only in pregnant rabbits and regressed dur- 
ing lactation. Similar changes in the mammary glands were 
not observed in rats or monkeys. 

There are no adequate and well-controlled studies in 
pregnant women. If felodipine is used during pregnancy, or if 
the patient becomes pregnant while taking this drug, she 
should be apprised of the potential hazard to the fetus, possi- 
ble digital anomalies of the infant, and the potential effects of 
felodipine on labor and delivery, and on the mammary 
glands of pregnant females. 


Nursing Mothers: It is not known whether this drug is se- 
creted in human milk and because of the potential for serious 
adverse reactions from felodipine in the infant, a decision 
should be made whether to discontinue nursing or to discon- 
tinue the drug, taking into account the importance of the drug 
to the mother. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS: In controlled studies in the United 
States and overseas approximately 3000 patients were 
treated with felodipine as either the extended-release or the 
immediate-release formulation. 

The most common clinical adverse experiences re- 
ported with PLENDIL® (Felodipine, MSD) administered as 
monotherapy in all settings and with all dosage forms of felo- 
dipine were peripheral edema and headache. Peripheral 
edema was generally mild, but it was age- and dose-related 
and resulted in discontinuation of therapy in about 4 percent 
of the enrolled patients. Discontinuation of therapy due to any 
Clinical adverse experience occurred in about 9 percent of 
the patients receiving PLENDIL, principally for peripheral 
edema, headache, or flushing. 

Adverse experiences that occurred with an incidence of 
1.5 percent or greater during monotherapy with PLENDIL 
without regard to causality are compared to placebo in the 
table below. 


Percent of Patients with Adverse Effects in Controlied 
Trials of PLENDIL as Monotherapy (incidence of 
discontinuations shown in parentheses) 


PLENDIL% Placebo% 


Adverse Effect N=730 N=283 
Peripheral Edema 22.3 (4.2) 3.5 
Headache 18.6 (2.1) 10.6 
Flushing 6.4 (1.0) 1.1 
Dizziness 5.8 (0.8) 3.2 
Upper Respiratory. Infection 5.5 (0.1) 7.1 
Asthenia 47 (0.1) 28 
Cough 2.9 (0.0) 0.4 
Paresthesia 2.5 (0.1) 1.8 
Dyspepsia 2.3 (0,0) 1.4 
Chest Pain 2.1 (0.1) 1.4 
Nausea 1.9 (0.8) 1.1 
Muscle Cramps 1.9 (0.0) 1.1 
Palpitation 1.8 (0.5) 25 
Abdomina! Pain 1.8 (0.3) 1.1 
Constipation 1.6 (0.1) 1.3 
Diarrhea 1.6 (0.1) 1.1 
Pharyngitis 1.6 (0.0) 04 
Rhinorrhea 1.6 (0.0) 0.0 
Back Pain 1.6 (0.0) 1.1 
Rash 1.5 (0.1) 1.1 
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In the two dose response studies using PLENDIL® (Feloc 
pine, MSD) as monotherapy, the following table describi 
the incidence (percent) of adverse experiences that we 
dose-related: 


Placebo 5.0mg 10.0mg 20m 


Adverse Effect N=121 N=72 N=123 N=! 
Peripheral Edema 2.5 13.9 19.5 36.( 
Palpitation 0.8 0.0 24 12.( 
Headache 12.4 11.1 18.7 28.( 
Flushing 0.0 2.8 8.1 20.( 


In addition, adverse experiences that occurred in 0.5 up 

1.5 percent of patients who received PLENDIL in all co 
trolled clinical studies (listed in order of decreasing severi 
within each category) and serious adverse events that o 
curred at a lower rate or were found during marketing expe 
ence (those lower rate events are in italics) were: Body as 
Whole: Facial edema, warm sensation; Cardiovascula 
Tachycardia, myocardial infarction, hypotension, syncop 
angina pectoris, arrhythmia; Digestive: Vomiting. dry mout 
flatulence; Hematologic: Anemia; Musculoskeletal: Arthré 
gia, arm pain, knee pain, leg pain, foot pain, nip pain, myé 
gia; Nervous/Psychiatric: Depression, anxiety disorder 
insomnia, irritability, nervousness, somnolence: Respiri 
tory: Bronchitis, influenza, sinusitis, dyspnea, epistaxis, re: 
piratory infection, sneezing; Skin: Contusion, erythemi 
urticaria; Urogenital: Decreased libido, impotence, urinal 
frequency, urinary urgency, dysuria. 

Felodipine, as an immediate release formulation, he 
also been studied as monotherapy in 680 patients with h' 
pertension in U.S. and overseas controlled clinical studie 
Other adverse experiences not listed above and with an inc 
dence of 0.5 percent or greater include: Body as a Whol 
Fatigue; Digestive: Gastrointestinal pain; Musculoskeletz 
Arthritis, local weakness, neck pain, shoulder pain, ank 
pain; Nervous/Psychiatric: Tremor; Respi. atory: Rhiniti 
Skin: Hyperhidrosis, pruritus; Special Senses: Blurred visio! 
tinnitus; Urogenital: Nocturia. 


Gingival Hyperplasia: Gingival hyperplasia. usually mik 
occurred in <0.5 percent of patients in controlled studie: 
This condition may be avoided or may regress with improve 
dental hygiene. (See PRECAUTIONS, Information fc 
Patients.) 


Clinical Laboratory Test Findings: Serum Electrolyte: 
No significant effects on serum electrolytes were observe 
during short- and long-term therapy (see CLINICAL PHAF 
MACOLOGY, Renai/Endocrine Effects). 


Serum Glucose: No significant effects on fasting serum glt 
cose were observed in patients treated with PLENDIL in th 
U.S. controlled'study. 


Liver Enzymes: One of two episodes of elevated serum trans 
aminases decreased once drug was discontinued in clin 
Cal studies; no follow-up was available for the other patient. 


OVERDOSAGE: Oral doses of 240 mg/kg and 264 mg/kg i 
male and female mice, respectively, and 2390 mg/kg an 
2250 mg/kg in male and female rats, respectively, cause 
significant lethality. 

In a suicide attempt, one patient took 150 mg felodipin 
together with 15 tablets each of atenolol and spironolacton 
and 20 tablets of nitrazepam. The patient's blood pressure an 
heart rate were normal on admission to hospital: he sut 
sequently recoverec without significant sequelae. 

Overdosage might be expected to cause excessive pe 
ripheral vasodilation with marked hypotension and possibl 
bradycardia. 

If severe hypotension occurs, symptomatic treatmer 
should be instituted. The patient should be placed supin 
with the legs elevated. The administration of intravenous flt 
ids may be useful to treat hypotension due to overdosag: 
with calcium antagonists. In case of accompanying brady 
cardia, atropine (0.5-1 mg) should be administered intrave 
nously. Sympathomimetic drugs may also be given if th 
physician feels they are warranted. 

It has not been established whether felodipine can be re 
moved from the circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: The recommended in 
tial dose is 5 mg once a day. Therapy should be adjusted in 
dividually according to patient response, generally a 
intervals of not less than two weeks. The usual dosage rang 
is 5-10 mg once daily. The maximum recommended dail 
dose is 20 mg once a day. That dose in clinical trials showe: 
an increased blood pressure response but a large increast 
in the rate of peripheral edema and other vasodilatory ad 
verse events (see ADVERSE REACTIONS). Modification © 
the recommended dosage is usually not required in patient: 
with renal impairment. 

PLENDIL should be swallowed whole and not crushec 
or chewed. 


Use in the Elderly or Patients with Impaired Liver Function 
Patients over 65 years of age or patients with impaired live 
function, because they may develop higher plasma con 
centrations of felodipine, should have their blood pressurt 
monitored closely during dosage adjustment (see PRE 
CAUTIONS). In general, doses above 10 mg should not be 
considered in these patients 
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Error Rates With Which Endomyocardial Biopsy 
Specimens are Graded for Rejection After 
Cardiac Transplantation 


Linda D. Sharples, PhD, Nat R. B. Cary, MRCPath, Stephen R. Large, FRCS, 
and John Wallwork, FRCS 


Control of the immune response to the transplant- 


ed organ is fundamental to the success of trans- 
plantation. Endomyocardial biopsy to diagnose 
and grade rejection is the mainstay in achieving 
this control. As rejection tends to be a patchy pro- 
cess, accurate diagnosis depends on adequate 
sampling from the myocardium. This study esti- 
mates the error rates with which biopsy speci- 
mens are graded. The results of 459 biopsy sets, 
in which at least 4 fragments were graded, were 
analyzed. Combinations of grades observed at the 
same biopsy session were used to estimate error 
rates. An E-M algorithm was used to estimate er- 
ror rates. Predictive probabilities of true grades, 
given a set of 4 graded fragments, were calculated 
using Bayes theorem. If 4 fragments at a biopsy 
session were negative there was a 0.02% chance 
of missing clinically significant rejection (moder- 
ate or severe). Similarly, if minimal rejection was 
the highest grade observed, the probability of 
missing moderate-severe rejection was negligible, 
between 0.06 and 0.09%. However, where mild 
rejection is the highest observed on the 4 frag- 
ments, there is between a 2% (1 mild fragment) 
and 28% (4 mild fragments) chance of moderate- 
severe rejection being the underlying grade. 

This study concludes that 4 fragments are ade- 
quate as a minimum in most cases. However, if 
only 4 fragments are available, and >3 are graded 
mild, the risk of missing moderate-severe rejec- 
tion is unacceptably high, and repeat biopsy or 
treatment may be indicated. 

(Am J Cardiol 1992;70:527-530) 
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revised manuscript received and accepted April 20, 1992. 
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Papworth Hospital, Papworth Everard, Cambridge, CB3 8RE, United 
Kingdom. 


diagnosing rejection after cardiac transplantation. 

At a biopsy session pieces of tissue are graded on 
a 5-point scale according to the nature and extent of 
lymphoid infiltrates. Because rejection is patchy, grades 
in different fragments at the same session will vary and 
a false-negative result may occur. 

In 1990 an international standard nomenclature for 
diagnosis of rejection was established,' with a recom- 
mendation of 24 gradable fragments to make an accu- 
rate diagnosis. This was based on considerable experi- 
ence of pathology, but not on quantitative evidence. 
There have been few attempts to quantify the misclassi- 
fication rates in this context. Spiegelhalter and Stovin? 
examined 157 biopsy specimens in which 2 or 3 frag- 
ments were graded. More recently, hearts from trans- 
plant recipients who died from acute rejection were ana- 
lyzed to determine the distribution of cellular infiltrate 
within each organ.’ This analysis uses a large set of bi- 
opsy results to evaluate the error with which myocardial 
biopsy samples are graded for rejection. 


JE emosine reie biopsy is the gold standard for 


METHODS 

The results of 459 biopsy sessions in which 4 frag- 
ments had been graded were available. Biopsy samples 
were graded according to the Pomerance and Stovin‘ 
classification, which is identical to the original Bil- 
lingham5 classification, with an extra minimal grade. 
Grades are normal (0), minimal (1), mild (2), moderate 
(3) and severe (4). Since severe rejection occurs rarely, 
moderate and severe grades were combined. Moderate- 
severe rejection is classed as significant rejection and 
always treated. Lower grades are unlikely to be treated 
unless they are accompanied by clinical symptoms. 

The biopsy protocol is weekly for the first 4 weeks, 
every 2 weeks up to 3 months after transplant, and 
twice yearly thereafter. The 459 biopsy specimens were 
taken from 89 patients with the average number for 
each patient being 5 (range 1 to 16 sessions). 

The observed frequencies of biopsy combinations is 
given in Table I. Here there were 58 (12.6%) occasions 
when all 4 fragments were graded normal. A total of 
113 (24.6%) had minimal as the highest graded frag- 
ment (59 + 35 + 12 + 7), 183 (39.9%) were graded 
mild and 105 (22.9%) moderate or severe. The number 
of fragments of each grade can be calculated in a 
straight forward manner (Table I). A total of 739 of 
1,836 (40.3%) fragments did not show any rejection, 
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343 (18.7%) showed characteristics of minimal rejec- 
tion, 554 (30.1%) mild and 200 (10.9%) moderate-se- 
vere rejection. 

Statistical analysis: Spiegelhalter and Stovin? intro- 
duced the concept of a “true” underlying grade of rejec- 
tion as the most severe biopsy finding if an arbitrarily 
large number of fragments were analyzed. However, the 
number of fragments graded is restricted in practice, 
and in this study was 4 per biopsy session. The most 
severe grade observed in the 4 may be equal to the true 
underlying grade, or it may be lower. Assuming that the 
true grade of rejection is at least the most severe ob- 
served, an estimation-maximization (E-M) algorithm 
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Codes: 0, no rejection; 1, minimal; 2, mild; 3, moderate-severe. 





can be used to evaluate error rates. Biopsy error rates 
are defined as the probabilities of observing a grade of 
rejection on a fragment, given that the true grade is 
different. The E-M algorithm uses combinations of 
grades observed within each biopsy session to estimate 
error rates. Predictive probabilities of the true grade, 
given a set of 4 graded fragments, are obtained using 
Bayes theorem.’ 

Assumptions: As in all analyses, there are a number 
of implicit assumptions. Each biopsy set is assumed in- 
dependent of the previous biopsy set since they are sepa- 
rated by an interval of 10 days on average, and any 
significant rejection observed is treated immediately. 
The E-M algorithm does not assume that the underly- 
ing grade of rejection is known, only that it is at least as 
severe as the highest grade observed. 

Conditional independence is assumed within each bi- 
opsy set, i.e., given the true grade of rejection, the 
grades of the 4 fragments are statistically independent. 
This is reasonable if the 4 fragments are distinct and 
not taken from the same biopsy site. Otherwise, under- 
estimation may occur. 

By definition it is impossible to observe a grade of 
rejection that is more severe than the true grade. 


RESULTS 

The estimated proportions of the true grades of re- 
jection are given in Table II along with their standard 
errors. Only 7.3% of patients were estimated to be free 
of rejection at the time of their biopsy, although >40% 
of fragments were negative (Table I). The proportion of 
rejection-free biopsies is lower than was previously esti- 
mated? (20.0%, SE 4.5%), possibly due to the inclusion 
of more nonroutine biopsies. 

The error rates are listed in Table III. If there is no 
rejection present then 100% of fragments are graded 
normal by definition. If minimal rejection is the true 
grade, only 34.8% of fragments will reflect this and the 
remaining 65.2% will be free of infiltrates. An underly- 
ing mild rejection will be detected in 48.6% of biopsies 


TABLE Il Estimated Marginal Distributions of the Underlying 
Grade of Rejection 


Grade Probability (standard error) 


No rejection 
Minimal 

Mild 
Moderate-severe 
Total 


7.3% (2.1%) 
27.2% (2.8%) 
39.0% (2.7%) 
26.5% (2.5%) 


100.0% (0.0%) 


TABLE Ill Estimated Proportions (standard error) of Fragments Showing Each Grade of 
Rejection, Conditional on the “True” Grade 


No 


Trade Grade Rejection 


100% (0.0%) 
65.2% (3.2%) 
32.0% (2.9%) 
10.3% (1.6%) 


No rejection 
Minimal 

Mild 
Moderate-severe 


Minimal 





Moderate- 
Severe 


34.8 (3.2%) = 
19.4% (1.8%) 
6.3% (1.3%) 


48.6% (2.7%) 


42.4% (3.1%) 41.0% (3.1%) 
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and moderate-severe rejection will be present in 41% of 
fragments. These error rates have standard error of the 
order of 3%. 

Predictive probabilities in Table IV give insight into 
the implications of the error rates. The probabilities of 
the true grades, given a specific set of 4 biopsy specimen 
grades, are given. The final column provides the expect- 
ed proportions of biopsy specimens that will be graded 
in each combination. 

If 4 fragments at a biopsy session are graded as free 
of infiltrates, there is a 57.8% chance that the patient is 
actually free of rejection, a 38.93% chance of minimal 
rejection, 3.24% chance of mild rejection, and a 0.02% 
chance of moderate or severe rejection. This combina- 
tion of grades will be observed 12.64% of the time. 
Thus, if all 4 fragments are negative, significant rejec- 
tion will be missed in only 2 in 10,000 cases. 

Where the most severe grade observed is minimal 
there is between a 0.06 and 0.09% chance that the true 
grade is moderate-severe. This may be considered an 
acceptable risk. 

If mild rejection is the most severe grade observed, 
the probability of missing moderate-severe rejection is 
greater and increases to unacceptable levels if there are 
3 or 4 fragments graded mild. It is estimated that these 
combinations will occur 13.57% (6.56 + 3.98 + 3.03) of 
the time (Table IV). 


DISCUSSION 

The accepted wisdom is that 4 biopsy specimens are 
necessary to make an accurate diagnosis of the grade of 
rejection but there is little numerical evidence to either 
support or refute this idea. Spiegelhalter and Stovin? 
used a smaller data set and concluded that 3 negative 
specimens are sufficient if a 5% chance of mild rejection 
is considered acceptable, whereas 4 are necessary for 
this error to be reduced to 2%. This analysis would sug- 
gest that Spiegelhalter and Stovin underestimated the 
error rates, since 4 negative specimens resulted in a 
3.26% chance of at least mild rejection being present. 

This study has highlighted the fact that the extent of 
infiltration, as well as the severity, is important. The 
probability that moderate-severe rejection is the true 
grade increases with the number of mild biopsy speci- 
mens observed. This confirms work by Kemnitz et al.’ 
They found that for patients receiving triple therapy, if 
20% of the biopsy specimens showed moderate rejec- 
tion, this rejection was resolved in 75% of patients with- 
out any extra therapy when repeat biopsy was per- 
formed 10 to 14 days later. However, if >20% of frag- 
ments showed moderate rejection then the patients 
received increased immunosuppression. 

Zerbe and Arena? studied 15 postmortem heart 
transplants from patients who died from acute rejection, 
taking 30 samples from each right ventricle. Similar to 
this study, they found that where 3 fragments showed 
mild rejection there was a high probability of moderate 
rejection. In an animal model, Topalidis et al® studied 
10 postmortem hearts with moderate rejection and 
found that, even with examining 10 mm? of tissue, there 








TABLE IV Predictive Probabilities of the True Grade of 
Rejection Given Four Graded Fragments and Estimated 
Frequency of Occurrence of Each Combination 





True Grade (%) 
% Fre- 
quency of 
Occurrence 


Mod.- 
Severe 


Observed No 


Combination Rejection Minimal Mild 








Any set with 100.00 


a grade 3 
fragment 


Total 


Mod. = moderate. 


was between a 2 and 5% chance of missing a moderate 
rejection. 

Failure to recognize significant acute rejection in the 
first 2 to 3 months after transplant can result in poor 
immunosuppression. Deaths directly linked to control of 
the immune system (rejection and infection) account for 
51% of all deaths within the first 30 days after trans- 
plantation, and 78% of all deaths after 30 days.’ Un- 
treated rejection has been associated with the onset of 
coronary occlusive disease, the main cause of morbidity 
and mortality among long-term survivors.'? Endomyo- 
cardial biopsy is the mainstay of diagnosis of rejection 
of cardiac transplants, and requires adequate sampling 
if diagnosis is to be accurate. 

This analysis concentrates on the chance of missing 
moderate-severe rejection because it is considered clini- 
cally significant, and results in immediate augmentation 
of immunosuppression if it has not already begun. If up 
to a 5% chance of missing moderate-severe rejection is 
considered acceptable, it follows that there is an unac- 
ceptable risk of missing moderate-severe rejection if 23 
fragments are graded mild. We estimate that this will 
occur 13.57% of the time, i.e., approximately 1 in 7 bi- 
opsies will yield results that have an unacceptable risk 
of missing moderate-severe rejection. 


Acknowledgment: We are indebted to Peter Stovin 
and David Spiegelhalter for help and advice on the 
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Peak Exercise Left Ventricular Performance in 
Normal Subjects and in Athletes Assessed by 
First-Pass Radionuclide Angiography 
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The role of Frank-Starling law of the heart in de- 
termining the increase in cardiac output during ex- 
ercise in humans is still controversial (e.g., the 
mechanisms responsible for the enhancement of 
left ventricular [LV] filling during the shortened 
diastolic interval). Ten weight lifters, 12 swim- 
mers and 12 sedentary subjects who underwent 
maximal upright bicycle exercise testing were 
studied. First-pass radionuclide angiography was 
performed both at rest and at peak exercise using 
a multicrystal gamma camera. Compared with 
resting values, heart rate and cardiac index at 
peak exercise increased by 101 + 16 beats/min (p 
<0.001) and 6.7 + 2.8 liters/min/m? (p <0.001) in 
weight lifters, by 96 + 9 beats/min (p <0.001) 
and 9.5 + 2 liters/min/m? (p <0.001) in swim- 
mers, and by 103 + 9 beats/min (p <0.001) and 
7.3 + 1.8 liters/min/m? (p <0.001) in sedentary 
subjects. Stroke volume increased by 20.5 + 9.8 
mi/mĉ (p <0.001) in swimmers only. End-diastolic 
volume at peak exercise did not change in weight 
lifters and in swimmers; it decreased by 8.2 + 8.6 
mi/m? (p <0.01) in sedentary subjects. A signifi- 
cant correlation was found between the decrease 
in end-systolic volume and the increase in peak 
rapid filling rate at peak exercise in all 3 groups 
(r = 0.65, p <0.05 in weight lifters; r = 0.59, p 
<0.05 in swimmers; r = 0.67, p <0.05 in seden- 
tary subjects). This study demonstrates that in 
healthy subjects at the peak of maximal upright 
bicycle exercise testing: (1) heart rate is the most 
important determinant of the increase in cardiac 
output; (2) the Frank-Starling law of the heart 
does not play a major role in mediating the in- 
creased performance of the left ventricle since LV 
end-diastolic volume does not increase; (3) the in- 
crease in LV peak rapid filling rate is correlated 
with the decrease in end-systolic volume, suggest- 
ing that the enhancement of LV filling during the 
_ shortened diastolic interval is, at least in part, due 
to LV suction. 

(Am J Cardiol 1992;70:531-535) 


From the Dipartimento di Medicina Interna, Universita Tor Vergata, 
Centro di Medicina Nucleare Italiano, Clinica Villa Bianca, Istituto di 
Cardiologia, Universita Cattolica del Sacro Cuore, Rome, Italy. This 
study was supported in part by grant 91.2.09.02.067 from Ministero 
della Pubblica Istruzione, Italy. Manuscript received January 29, 1992; 
revised manuscript received April 27, 1992, and accepted May 1, 1992. 

Address for reprints: Fabrizio Tomai, MD, Cattedra di Cardiologia 
Pediatrica, Dipartimento di Medicina Interna, Universita Tor Vergata, 
Via O. Raimondo, 00173, Roma, Italia. 


Ithough it is well recognized that the main deter- 

minant in the increase in cardiac output during 

isotonic exercise in healthy subjects is the in- 
crease in heart rate,! the role of the Frank-Starling law 
of the heart? is still controversial. In fact, an increase 
in left ventricular (LV) end-diastolic volume, by which 
the Frank-Starling law operates, has been found in 
some studies,+~® but not in others.’-'* Whether the en- 
hancement of LV filling during the shortened diastolic 
interval is due to the increase in blood pushed into the 
ventricle from the atrial reservoir (venous return) only,” 
or due to the blood pulled in by the relaxing ventricle 
(cardiac suction) is also unclear.'>-?° In this study we 
used first-pass radionuclide angiography with a multi- 
crystal gamma camera, which provides an accurate 
noninvasive measurement of LV volumes,”!-*4 to inves- 
tigate the mechanisms responsible for the increase in 
LV performance during exercise in weight lifters, in 
swimmers and in sedentary normal subjects. 


METHODS 

Study group: The study group consisted of 10 
weight lifters (mean age 26 years, range 22 to 29) ina 
training program of 12 to 15 hours/week (mean period 
of 4 years [range 3 to 6] of weight lifting experience), 
and 12 swimmers (mean age 25 years, range 24 to 29) 
in a training program of 15 to 20 hours/week (mean 
period of 4 years [range 3 to 7] of endurance swimming 
experience). The control group comprised 12 healthy 
volunteers (mean age 28 years, range 25 to 34), with 
sedentary lifestyle. All subjects were men, free of overt 
cardiovascular disease, receiving no medication, and 
with normal physical examination. All subjects gave 
written informed consent. 

First-pass radionuclide angiography: DATA ACQUISI- 
TION: The detector of a multicrystal gamma camera 
(Scinticor, Baird), set over 140 KeV photopeak and 
equipped with a high-sensitivity parallel-hole collimator 
0.5 inch thick, was positioned against the chest of the 
subject in an upright position in order to obtain a 30° 
right anterior oblique view. A bolus of 480-550 MBq of 
technetium 99m in 0.5 ml of saline solution was injected 
in a large antecubital vein through a 17 to 18 gauge, 
2.5-inch polyethylene catheter, followed by an auto- 
matic flush with 20 ml of saline in 2 seconds. The gam- 
ma camera, during the first pass of radioactive bolus 
through the cardiac chambers, acquired 1200 R wave- 
gated frames at a rate of 25 frames/s. Data were stored 
into a dedicated computer for further processing. All 
subjects then performed a maximal exercise test in the 
upright position during continuous electrocardiographic 
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monitoring. The small size of the detector (about 8 
squared inches), stabilized by the presence of a foam 
wedge, allowed all subjects to perform the test with the 
chest positioned against the detector. The exercise test 
was performed with an initial work load of 25 W, fol- 
lowed by increases of 25 W every 2 minutes until the 
maximal age-predicted heart rate or exhaustion were 
reached. At peak exercise, a bolus of 740 to 810 MBq 
of technetium 99m in 0.5 ml of saline solution was in- 
jected intravenously and flushed. The gamma camera 
acquired 1200 R wave-gated frames at a rate of 50 
frames/s. Counting was begun 5 cardiac cycles before 
isotope injection to assess background activity. Arterial 
blood pressure (cuff sphygmomanometer) and heart 
rate were obtained during baseline and at peak exercise. 

DATA ANALYSIS: During each study, both at rest and 
at peak exercise, the passage of the isotope bolus was 
followed through the cardiac chambers and the left ven- 
tricle was identified and flagged. The time-activity 
curve from this region was then generated. The frames 
acquired before isotope injection at peak exercise were 
used for a pixel-by-pixel subtraction of the background 
activity related to the first injection. A representative 
cardiac cycle was created by phasic summation of a se- 
ries of frames acquired during 5 to 7 cardiac beats, se- 
lected during LV washout phase, to minimize the over- 
lapping of significant residual activity from the other 
cardiac chambers. The LV border was defined by pro- 
cessing 2 spatial gradient images that reflected spatial 
changes in counts in 2 directions on the end-diastolic 
representative image. Subtraction of nonhomogeneous 
background was performed semiautomatically by creat- 
ing a mask of lung perfusion within the LV border.” 
Absolute values of LV end-diastolic and end-systolic 
volumes were calculated by using a validated algorithm 
that takes into account experimentally derived geomet- 
ric factors and normalized LV total count rate, as previ- 
ously described in detail.2* Previous studies showed 
close correlation (r = 0.94) between the values of the 


isotope 
injection 


peak 
exercise 
time from peak exercise (min) 


FIGURE 1. Mean values of heart rate (HR) in the last 10 min- 


utes preceding peak exercise. No apparent plateau of heart 
rate is observed before isotope injection. 


LV volumes calculated in this way and the measure- 
ments obtained at left-sided cardiac catheterization.???3 
Inter- and intraobserver agreement previously obtained 
in our laboratory achieved an r value of 0.94 and 0.95 
(p <0.001), respectively. The following parameters 
were also measured: LV ejection fraction = [(end-dia- 
stolic volume — end-systolic volume) /end-diastolic vol- 
ume] X 100; LV stroke volume = end-diastolic volume 
— end-systolic volume; cardiac output = LV stroke vol- 
ume X heart rate; systemic vascular resistance = mean 
arterial blood pressure/cardiac output; LV rapid filling 
volume = rapid filling counts X end-diastolic volume/ 
end-diastolic counts; LV peak rapid filling rate = maxi- 


TABLE I Hemodynamic Data and Left Ventricular Volumes at 





Rest and at Peak Exercise in the Three Groups of Subjects 


Weight Lifters 


lee 22.2 
157 + 31 


Exercise duration (min) 

Mean work load (W) 

Heart rate (beats/min) 
Rest 42:£18 
e 

Peak exercise 1/26 

Mean arterial pressure 

(mm Hg) 

Rest 94+8 
+ 
Peak exercise t Eo e +.12 
RPP (beats/min x mm 

Hg x 103) 
Rest 8.9 + 2.8 
D 
Peak exercise SA5 £A 
End-diastolic volume (ml/m2) 
Rest 85+ 15 
Peak exercise 78+ 14 
End-systolic volume (ml/m2) 


Rest 


Peak exercise 
Ejection fraction (%) 
Rest 


Peak exercise 
Stroke volume (ml/m2) 
Rest 


Peak exercise 
Cardiac index (liters/min/m2) 
Rest 3.8+1.4 
& 
Peak exercise 10.5 + 2.7 
Rapid filling volume (ml/m2) 
Rest 69 + 16 
Peak exercise 69 +13 
Peak rapid filling rate 
(ml/s/m?) 
Rest 162 + 52 
§ 
Peak exercise 286 + 101 
SVR (mm Hg/liters/min/m2) 
Rest 26.2 +75 
$ 


Peak exercise F31 33 


Swimmers 


11.8 + 1.4 
154 + 18 


7548 
& 
172 +11 


90+7 
127+8 


92+1.4 
* 
33.2 + 2.3 


100 + 14* 


103 + 249 


37.11 
® 
20 +15 


639 


63-43 
+ 
83 + 14ł 


4.7+1.0 
a 
14.2 + 2.69 


165 + 45 
+ 
365 + 111 


20.0 + 4.4* 
$ 
9:2.42°1.7T 


Sedentary 
Subjects 


11.0+0.1 
144 + 11 


69+6 
D 
173+6 


98 +6 
+è 
132 £ 2 


87e TA 
+ 
33.5 £16 


94 +8 
§ 
86+ 8 


33 + 10 
& 
19+5 


64+ 10 


+ 
77+4 


11:52 1.2 
Aæ gs 
79+11 
186 + 29 

+ 

343 + 61 

24.1 + 5.2 


+ 
ILAA 


@p <0.001 rest versus exercise; §p <0.01 rest versus exercise; ttp <0.05 rest 





versus exercise; *p <0.05 versus weight lifters; Ip <0.01 versus weight lifters and 
sedentary subjects; tp <0.001 versus weight lifters and sedentary subjects. 
RPP = rate-pressure product; SVR = systemic vascular resistance. 
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mal positive derivative of the rapid filling curve (i.e., 
dV/dtmax). All volumetric parameters were corrected 
for body surface area. 

Statistical analysis: Student’s ¢ test for paired data 
was used to compare data at rest and at peak exercise. 
Comparisons among the 3 groups of subjects were per- 
formed with analysis of variance. When significant 
differences were detected among the groups of sub- 
jects, pairwise comparisons were made using the Fisher 
PLSD test. Correlations between changes in LV end- 
systolic volume from rest to peak exercise and changes 
in peak rapid filling rate were assessed by univariate 
linear regression analysis. Data are expressed as mean 
+ 1 standard deviation; p values <0.05 were considered 


significant. 


RESULTS 

In all subjects the isotope was injected at peak heart 
rate. No patient showed any plateau of heart rate be- 
fore the isotope injection (Figure 1). 

Hemodynamic data and left ventricular volumes at 
rest: Swimmers had lower values of systemic vascular 
resistance and greater values of LV end-diastolic vol- 
ume compared with those observed in weight lifters (20 
+ 4.4 vs 26.2 + 7.5 mm Hg/liter/min/m’, p <0.05; 
100 + 14.2 vs 84.7 + 15.3 ml/m?, p <0.05, respective- 
ly). The remaining parameters were similar in the 3 
groups (Table I). 

Hemodynamic data and left ventricular volumes at 
peak exercise: WEIGHT LIFTERS: Systemic vascular re- 
sistance and LV end-systolic volume at peak exercise 
significantly decreased by 12.1 + 7.4 mm Hg/liter/ 
min/m? (p <0.001) and by 13.4 + 15.5 ml/m? (p 
<0.05), respectively. Ejection fraction significantly in- 
creased by 12 + 14% (p <0.05), cardiac index by 6.7 + 
2.8 liters/min/m? (p <0.001) and peak rapid filling 
rate by 124 + 107.4 ml/s/m? (p <0.01). The remaining 
parameters at peak exercise did not change significantly 
(Table I). A significant correlation was found between 
the decrease in end-systolic volume and the increase in 
peak rapid filling rate at peak exercise (r = 0.65, p 
<0.05) (Figure 2). 
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SWIMMERS: Systemic vascular resistance and LV 
end-systolic volume at peak exercise significantly de- 
creased by 10.8 + 2.9 mm Hg/liter/min/m? (p 
<0.001) and by 17.2 + 11.2 ml/m? (p <0.001), respec- 
tively. Ejection fraction significantly increased by 19 + 
9% (p <0.001), stroke volume by 20.5 + 9.8 ml/m? (p 
<0.001), cardiac index by 9.5 + 2.0 liters/min/m? 
(p <0.001), rapid filling volume by 8.4 + 13.3 ml/m? 
(p <0.05) and peak rapid filling rate by 200.7 + 78.5 
ml/s/m? (p <0.001). The remaining parameters at 
peak exercise did not change significantly (Table I). A 
significant correlation was found between the decrease 
in end-systolic volume and the increase in peak rapid 
filling rate at peak exercise (r = 0.59, p <0.05) (Fi- 
gure 2). 

SEDENTARY SUBJECTS: Systemic vascular resistance, 
LV end-diastolic volume and LV end-systolic volume at 
peak exercise significantly decreased by 12.4 + 5.4 mm 
Hg/liter/min/m? (p <0.001), by 8.2 + 8.6 ml/m? (p 
<0.01) and by 14 + 6.0 ml/m? (p <0.001), respective- 
ly. Ejection fraction significantly increased by 13 + 8% 
(p <0.001), cardiac index by 7.3 + 1.8 liters/min/m? 
(p <0.001) and peak rapid filling rate by 157.6 + 84.3 
ml/s/m? (p <0.001). The remaining parameters at 
peak exercise did not change significantly (Table I). A 
significant correlation was found between the decrease 
in end-systolic volume and the increase in peak rapid 
filling rate at peak exercise (r = 0.67, p <0.05) (Fig- 
ure 2). 

COMPARISONS AMONG GROUPS: At peak exercise swim- 
mers had greater end-diastolic volume (p <0.01), stroke 
volume (p <0.001), cardiac index (p <0.01) and lower 
systemic vascular resistance (p <0.001) than weight 
lifters and control subjects. Furthermore, swimmers 
had greater rapid filling volume than weight lifters (p 
<0.05). The remaining parameters at peak exercise 
were similar among the 3 groups (Table [). 


DISCUSSION 

Our results show that in both normal sedentary sub- 
jects and athletes, LV end-diastolic volume at peak of 
maximal upright bicycle exercise testing does not in- 


Swimmers Sedentary subjects 
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FIGURE 2. Individual changes in left ventricular peak rapid filling rate (RFR) from rest to peak exercise expressed as a function 


of changes in left ventricular end-systolic 
tion is observed in all 3 groups of subjects. 


volume in weight lifters, in swimmers and in sedentary subjects. A significant correla- 
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crease, thus indicating that the Frank-Starling law of 
the heart does not play a major role in determining in- 
creased LV performance, which was, in fact, due to an 
increase in heart rate, and an increase in stroke volume 
in swimmers only. Moreover, in all 3 groups of subjects 
we found a marked decrease in LV end-systolic volume 
and a significant correlation between the decrease in 
end-systolic volume and the increase in peak rapid fill- 
ing rate at peak exercise, thus suggesting that LV sys- 
tolic function is the major determinant of LV diastolic 
filling. 

In this study, changes in LV volumes were assessed 
by first-pass radionuclide angiography using a multi- 
crystal gamma camera.*!-*4 Because of the extremely 
fast counting rate, only about 5 seconds are needed for 
count acquisition using this technique, whereas at least 
2 minutes are needed for count acquisition during equi- 
librium radionuclide angiography.*? Therefore, first- 
pass angiography allows one to measure LV volumes 
exactly at peak exercise. Furthermore, the small size of 
the detector minimizes artifacts due to patient move- 
ments.7+2> 

The lack of increase in LV end-diastolic volume at 
peak exercise observed in our study is in agreement with 
most studies,’~!* but not with the results of other inves- 
tigations. Crawford et al,° using 2-dimensional echocar- 
diography, and Poliner et al,* using equilibrium radio- 
nuclide angiography, found an increase in end-diastolic 
volume during upright exercise. However, it is unlikely 
that both echocardiography and equilibrium radionu- 
clide angiography provide an accurate assessment of 
LV volumes at the peak of maximal upright exercise 
testing.?*?5-27 Furthermore, echocardiography does not 
produce a direct measurement of ventricular volumes 
and its value is limited because of hyperpnea and chest 
movements.”°.2’ Finally, Rerych et al’ found an increase 
in LV end-diastolic volume during upright exercise in 
highly competitive swimmers using first-pass radionu- 
clide angiography with a multicrystal gamma camera. 
The sharp contrast between their and our results may 
be due to different study populations (their athletes 
were younger and more trained than ours) and to differ- 
ent exercise protocols. In fact, while we injected the iso- 
tope at peak exercise, Rerych et al injected the isotope 
after a standard period of 10 minutes. 

In this study a reduction in LV end-diastolic volume 
at peak exercise was observed in sedentary subjects. 
This finding is consistent with previous observations!4 
and may be related to a more pronounced sympathetic 
response to exercise due to the lack of training. 

In our study, swimmers but not weight lifters or sed- 
entary subjects had an increase in stroke volume at peak 
exercise. This greater increase in stroke volume in 
swimmers may be related to the larger resting end-dia- 
stolic volume and to the lower systemic vascular resis- 
tance at peak exercise. Swimmers also exhibited a 
greater increase in cardiac index and in rapid filling vol- 
ume. These differences between groups with different 
types of physical training may explain some of the con- 
flicting results observed in previous studies. In fact, 
stroke volume during exercise was found to increase in 
some previous investigations*!!:!7.!428 but not in oth- 


ers,!2,29.30 probably because of the study group with re- 
spect to sex, age and type of physical training and of the 
different exercise protocol. 

The preservation or increase of stroke volume at 
peak exercise, despite the shortened diastolic interval, is 
made possible by an enhancement of LV filling rate. 
The latter can be due to (1) increase in venous return, 
(2) LV suction, and (3) both mechanisms. Although the 
first mechanism is likely to play an important role, our 
results indicate that cardiac suction does occur. 

Over the past decades, several studies have shown 
that the traditional functional model of the heart, as a 
static pressure pump in which the diastolic filling is a 
passive function determined by venous return,*? cannot 
be applied to the normal heart. In fact, Brecher,!> Ty- 
berg,!© Sonnenblick,!’ Yellin!’ and more recently Udel- 
son!? and Courtois??? demonstrated that LV systolic 
function determines subsequent early diastolic filling by 
means of a suction effect. The magnitude of this suction 
effect is related to the elastic potential energy stored by 
the myocardium during systole and is therefore greater 
at reduced end-systolic volumes. In all 3 groups of sub- 
jects, we found a significant correlation between the de- 
crease in end-systolic volume and the increase in peak 
rapid filling rate at peak exercise. This finding suggests 
that the enhanced systolic contraction to a smaller end- 
systolic volume during exercise, due to the combination 
of peripheral vasodilation and increased contractility, 
increases the degree of elastic recoil, thus resulting in a 
lower LV minimal pressure and in a greater suction ef- 
fect during the following early diastole. The latter then 
generates a larger gradient for early diastolic filling and 
a greater LV filling rate. Our results are in agreement 
with the experimental and clinical demonstration of LV 
suction when the end-systolic volume becomes smaller 
than the “equilibrium volume,”!>~?° as is likely to occur 
during exercise. Udelson et al!’ recently demonstrated 
in human subjects with normal LV function that isopro- 
terenol administration results in the generation of a neg- 
ative LV early diastolic pressure. Moreover, during iso- 
proterenol infusion, they found a significant correlation 
between the changes in early diastolic pressure and end- 
systolic volume, thus concluding that cardiac suction 
played an important role in determining LV diastolic 
filling. Because the effects of 6-adrenergic stimulation 
are similar in many ways to those during exercise,>! 
their results support the hypothesis that in our subjects 
the enhancement of diastolic filling during exercise also 
was, at least partially, due to cardiac suction. 

Study limitations: In our study of healthy volunteers, 
we could not obviously measure a negative early diastol- 
ic LV pressure, which would have provided the most 
compelling evidence of cardiac suction.!° A further limi- 
tation of our study is that we did not take into account 
other possible determinants of LV diastolic pressure 
such as viscous effects, atrial properties and possible in- 
fluences of the right ventricle and the epicardium. 
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Doppler Echocardiographic Assessment of Aortic Stenosis Using the 


Peak Velocity Ratio 


Marvin Berger, MD, and Susan R. Hecht, MD 


Doe: echocardiography has become the noninva- 
sive technique of choice for assessing the severity of 
aortic stenosis.! Doppler velocity measurements provide a 
rapid estimate of the aortic valve gradient. However, 
because gradient is influenced by cardiac output, it may 
not accurately show the degree of stenosis. Calculation of 
aortic valve area by the continuity equation*~ is more 
reliable, but needs echocardiographic imaging in addition 
to Doppler velocity measurements. Recording technically 
satisfactory images can be time consuming and in some 
patients may not be possible. Therefore, despite the wide- 
spread acceptance of these methods, they are not ideal for 
use as a simple screening procedure to detect severe aortic 
stenosis. Recent work indicated that the peak velocity 
ratio (peak left ventricular outflow tract/peak aortic 
valve velocity) may be useful in the evaluation of aortic 
stenosis. An advantage of this method is that 2-dimen- 
sional echocardiographic measurements are not needed. 
This study was performed to further assess this ratio as a 
simple screening test for severe aortic stenosis and to 
compare its accuracy with the continuity equation. 

During a 4-year period, 57 consecutive patients who 
underwent cardiac catheterization and complete 2-di- 
mensional and Doppler echocardiographic studies for 
suspected aortic stenosis were evaluated retrospectively. 
Four patients with severe aortic regurgitation were ex- 
cluded. The remaining 53 patients (aged 33 to 93 years, 
mean 75) comprise the study cohort. Coronary artery 
disease was present in 29 patients, mitral stenosis in 4, 
and severe mitral insufficiency in 1. Fifty-two patients 
were in sinus rhythm, and 1 had atrial fibrillation. 

Cardiac catheterization was performed by the femo- 
ral artery approach. Aortic valve gradient was measured 
by pullback from the left ventricle to the aorta by simul- 
taneous recordings of left ventricular and femoral artery 
pressures. Cardiac output was determined by thermodi- 
lution. The Gorlin formula was used to calculate the 
aortic valve area. An aortic valve area <0.8 cm? was 
considered indicative of severe aortic stenosis.” 

Peak aortic valve velocity was recorded by continu- 
ous-wave Doppler from the apical, suprasternal and 
right parasternal windows with a nonimaging transduc- 
er, and the highest velocity was used for analysis. Left 
ventricular outflow tract velocity was recorded from the 
apex by pulsed Doppler with the sample volume just 
proximal to the aortic valve. Left ventricular outflow 
tract diameter was measured by 2-dimensional echocar- 
diography, as previously described.? Measurements rep- 
resent the average of 3 to 5 cardiac cycles. Aortic valve 
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area was calculated by the continuity equation using 
peak velocities. The peak velocity ratio was calculated as 
peak left ventricular outflow tract/peak aortic valve ve- 
locity. The interval between catheterization and echocar- 
diography ranged from 0 to 28 days (mean 2.2) and was 
<3 days in 48 patients. Doppler measurements were 
obtained without knowledge of catheterization findings. 

Doppler variables were compared with invasively de- 
termined aortic valve area by linear regression analysis. 
Sensitivity, specificity and predictive value were calcu- 
lated using standard methods.’ 

Aortic valve area measured by the Gorlin formula 
ranged from 0.20 to 1.67 cm? (mean 0.70) and was $0.8 
cm? in 40 patients. Twenty patients had 1+ or 2+ aortic 
regurgitation by aortography. Cardiac index ranged 
from 1.6 to 3.7 liters/min/m? and was S2.2 liters/min/m? 
in 25 patients. Peak left ventricular outflow tract velocity 
ranged from 0.42 to 1.41 m/s (mean 0.79), and peak 
aortic valve velocity ranged from 2 to 6 m/s (mean 3.9). 
Peak velocities in patients with and without severe aortic 
stenosis are shown in Figure 1. Peak velocity was predic- 
tive of severe aortic stenosis in all 14 patients with peak 
velocity >4.3 m/s. None of the 4 patients with peak 
velocities <3 m/s had severe aortic stenosis. In the 35 
patients with peak velocities between 3.0 and 4.3 m/s, it 
was not possible to predict the presence or absence of 
severe aortic stenosis solely on the basis of velocity mea- 
surements. 
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FIGURE 1. Distribution of peak velocities in with and 
without severe aortic stenosis (aortic valve area [AVA] <0.8 
cm). Horizontal lines indicate peak velocities between 3.0 
and 4.3 m/s. CATH = catheterization. 
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FIGURE 2. A, aortic valve area (AVA) calculated by Doppler echocardiography using continuity 
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termined at catheterization (CATH) by Gorin formula. B, peak velocity ratio (peak left ventricular outflow tract [LVOT]/peak 
aortic valve [AV] velocity) compared with AVA measured at catheterization. Horizontal line represents peak velocity ratio of 


0.26. Vertical line is drawn through AVA of 0.8 cm?. 


Aortic valve area calculated by the continuity equa- 
tion ranged from 0.31 to 1.64 cm? (mean 0.70) and had 
an excellent correlation with invasively measured valve 
area (r = 0.91) (Figure 2A). Using the invasively derived 
valve area as a reference standard, the sensitivity of the 
continuity equation for detecting an aortic valve area 
<0.8 cm? was 95%, with a specificity of 77% and a 
predictive value of 93%. 

Peak velocity ratio ranged from 0.11 to 0.58 (mean 
0.28) and correlated well with the aortic valve area at 
catheterization (r = 0.82) (Figure 2B). A peak velocity 
ratio <0.26 had a sensitivity of 98%, a specificity of 77% 
and a predictive value of 93% for identifying patients 
with severe aortic stenosis. For the 35 patients with peak 
velocities between 3.0 and 4.3 m/s, sensitivity was 96%, 
specificity 67% and predictive value 89%. In the 25 pa- 
tients with severely reduced cardiac output (cardiac in- 
dex <2.2 liters/min/m?), sensitivity was 95%, specificity 
100% and predictive value 100%. 

In the present study, peak velocity ratio was compara- 
ble in accuracy to the continuity equation in identifying 
an aortic valve area <0.8 cm?. This ratio was accurate in 
the setting of a reduced cardiac output where the peak 
velocity may be decreased despite severe aortic stenosis. 
It was also reliable over a wide range of peak velocities 
including those between 3.0 and 4.3 m/s. In this latter 
group, peak velocities alone lack diagnostic accuracy and 
may represent mild, moderate or severe stenosis depend- 
ing on cardiac output and the presence of aortic regurgi- 
tation. Peak velocity ratio has advantages over other sim- 
plified Doppler methods such as the fractional shortening 


velocity ratio, which requires M-mode measurements, 
and the dimensionless index,* which uses systolic velocity 
integrals and is therefore more time-consuming. 

A limitation of the peak velocity ratio is that accurate 
velocities cannot always be recorded. It should also be 
recognized that overestimation of outflow tract velocity 
may occur if the sample volume is placed too close to the 
aortic valve. Furthermore, if the outflow tract is excep- 
tionally narrow or wide, the ratio alone may not be ade- 
quate. However, peak velocity ratio provides a simple 
reliable method for detecting severe aortic stenosis. It is 
also an alternative to the continuity equation when left 
ventricular outflow tract diameter cannot be measured. 
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Comparison of Thermodilution and Fick Methods for Measurement of 
Cardiac Output in Tricuspid Regurgitation 


Takashi Konishi, MD, Yasuyuki Nakamura, MD, Isao Morii, MD, Yoshihiro Himura, MD, 


Toshiaki Kumada, MD, and Chuichi Kawai, MD 


easurement of cardiac output (CO) is a fundamen- 

tal part of the evaluation of cardiac function in the 
coronary care unit or cardiac catheterization laboratory. 
A method of CO measurement for use in the coronary 
care unit should ideally produce a result instantaneously 
and be easily applicable. The Fick oxygen method! is a 
reliable but time-consuming procedure that needs consid- 
erable skill and special equipment for measuring blood 
oxygen content by Van Slyke’s method. The thermodilu- 
tion method? is reliable and easy to perform, and enables 
CO to be determined instantaneously. It has been as- 
sumed that the thermodilution method may be inaccu- 
rate for measuring CO in patients with tricuspid regurgi- 
tation (TR).*4 Accordingly, to examine the reliability of 
this method for measuring CO in the presence of TR, we 
compared data obtained by the Fick and thermodilution 
methods at cardiac catheterization in patients with and 
without TR. 

CO was measured simultaneously by both the ther- 
modilution (using a 7.5Fr Swan-Ganz catheter) and 
Fick oxygen (using the Van Slyke technique) methods 
during cardiac catheterization in 92 patients with and 
without TR (coronary artery disease [n = 15]; left sided 
valvular heart disease [n = 33: 14 mitral stenosis, 10 
mitral regurgitation, 5 aortic stenosis and 4 aortic regur- 
gitation]; congenital heart disease [n = 2]; cardiomyop- 
athy [n = 17]; pulmonary hypertension [n = 2]; normal 
[n = 13]; and others [n = 10]) who were managed from 
July 1986 to March 1989. In the thermodilution method, 
CO was measured 3 to 4 times in each patient after a 
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bolus hand injection of 10 ml of ice-cold sterile saline 
solution (<3°C) in the right atrium through the proxi- 
mal lumen of a Swan-Ganz catheter (Baxter Health 
Care Corporation, Irvine, California). CO was calculat- 
ed simultaneously by CO computer (COM-1, American 
Edwards Laboratory, Irvine, California), whereas in the 
Fick method, expired air was collected in a Douglas bag 
for 4 minutes to measure oxygen consumption, and 
blood was obtained from the pulmonary and femoral 
arteries to measure blood oxygen content by the Van 
Slyke technique. The thermistor on the tip of the Swan- 
Ganz catheter was located near the pulmonary hilum. If 
the first in the series of measurements was high, it was 
discarded as a false reading. The results obtained by the 
thermodilution method were then averaged. 

Patients were classified in 4 groups on the basis of 
severity of TR, as shown by pulsed Doppler echocardiog- 
raphy. Visual estimation of the length of the Doppler 
regurgitant signal in the right atrium in the parasternal 
short-axis view on a Hewlett-Packard 2-dimensional 
echocardiogram was used for grading TR as absent, 
mild, moderate or severe. There were 70 patients in the 
group without TR, and 9 in the mild, 10 in the moderate 
and 3 in the severe TR groups. Because the number of 
subjects in the severe TR group was very small, we com- 
bined the moderate and severe TR groups for the statis- 
tical analysis of correlation coefficients. 

For each subject, CO obtained by the Fick oxygen 
method was subtracted from that obtained by the ther- 
modilution method, and the difference was divided by 
the Fick CO to yield the percent difference between the 2 
methods. All data were expressed as mean + SE. We 
compared percent differences of CO obtained by the 2 
methods in the 4 patient groups using the unpaired t test, 
whereas r values of the correlations between the 2 meth- 
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FIGURE 1. Correlations between simultaneous thermodilution and Fick oxygen measurement of cardiac output (C.O.) in 92 pa- 
tients (A) without tricuspid regurgitation, and (B) with mild and (C) moderate to severe tricuspid regurgitation. The correlation 
coefficient for the moderate-to-severe group is higher than that for the group without tricuspid regurgitation (0.98 vs 0.80; p 


<0.001). 
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ods were compared for 3 groups. A p value <0.05 was 
considered statistically significant. 

CO by the Fick oxygen method was 4.78 + 0.17 
liters/min in the group without TR, and 4.61 + 0.39 in 
the mild, 3.84 + 0.63 in the moderate and 3.03 + 0.33 in 
the severe TR groups. CO determined by the Fick meth- 
od was lower in the severe TR group than in the group 
without TR (p <0.05). 

Percent differences in CO as determined by the 2 
methods were 1.4 + 2.8% in the group without TR, and 
—7.5 + 2.0% in the mild, —1.7 + 1.2% in the moderate 
and 5.7 + 0.6% in the severe TR groups. Thus, differ- 
ences between the 2 methods were similar among the 4 
groups. The r value obtained by linear regression analy- 
sis of the results of these 2 methods was higher in the 
moderate-to-severe TR group than in the group without 
TR (0.98 vs 0.80; p <0.001) (Figure 1). 

The thermodilution method is usually more accurate 
in the case of high CO. However, in the present study, this 
method was found to be sufficiently accurate to be used 
clinically even in the case of low CO, because CO deter- 
mination by the 2 methods showed a stronger correlation 
with moderate to severe TR (low CO) than with mild to 
absent TR (normal CO). 

Thermodilution estimates are likely to be falsely high 
because of the loss of the indicator (heat) between the 
injection and sampling sites. When the indicator dilution 
curve is flat (as it is in low flow conditions and regurgita- 
tion), there is an increased opportunity for undetected 


recirculation to influence the area of the curve such that 
the area is falsely large, and this results in a falsely low 
estimate of CO. Therefore, the methodologic overestima- 
tion of CO by thermodilution in normal conditions may 
be lessened in TR with low CO. Because the arteriove- 
nous oxygen difference is usually falsely narrow owing to 
bronchial and Thebesian venous drainage, the Fick prin- 
ciple results in a higher estimate of CO. Thus, thermodi- 
lution overestimation may be reduced in the case of TR 
and more accurately approximate the Fick CO. 

Other reports have indicated the accuracy of the ther- 
modilution method in TR patients or canine hearts with 
TR,56 and the recently improved formula for calculating 
the area under the indicator dilution curve may maintain 
the accuracy of this method even in the presence of TR. 
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Reported Frequency of Coronary Arterial Narrowing by Angiogram in 
Patients with Valvular Aortic Stenosis 


Gisela C. Mautner, MD, and William C. Roberts, MD 


uring the past 25 years most patients aged >40 years 
of age having aortic valve replacement have had cor- 
onary angiography preoperatively. At least 33 studies 
have reported the frequency of significant (>50% diame- 
ter reduction) coronary arterial narrowing in patients 
with valvular aortic stenosis, and most of these reported 
studies included only patients who had the stenotic valve 
replaced with a prosthesis or bioprosthesis'~*3 (Table I). 
Patients with mitral valve dysfunction usually were ex- 
cluded. Analysis of the studies, which unfortunately also 
included a small percentage of patients <40 years of age, 
disclosed that 37% of the patients (1,302 of 3,509) had 
significant narrowing by angiogram of 1 or more major 
epicardial coronary arteries. 
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TABLE I Published Reports on the Frequency of Significant (> 50% diameter narrowing) Coronary Arterial Narrowing on Angiogram in 
Patients with Valvular Aortic Stenosis 


Year of No. 
Publication of Pts. 


Age (years) 
Range (mean) 


19-68 (51) 
38-77 (58) 
34-77 (56) 

— (61) 
31-81 (59) 
45-66 (58) 
39-84 (60) 
40-83 — 
18-74 
47-76 (62) 
18-75 (60) 
30-79 — 
43-79 (65) 

— (58) 
40-71 (55) 

— (63) 
38-77 (58) 
20-81 (62) 

— (55) 
44-87 (66) 

— (54) 
25-75 (59) 

15—>80 (61) 
33-85 (66) 
28-82 (59) 
70-88 (75) 


First Author 


. Linhart 

. Harris 
Basta 
Gross 
Moraski 

. Mandal 

. Paquay 

. Hancock 
. Lacy 

. Graboys 
. Swanton 
. Thompson 
. Storstein 
. Hakki 

. Bonow 

. Bermudez 
. Crochet 

. Exadactylos 
. Monsuez 
. Abdulali 

. Green 

. Turina 

. Sechtem 
. Lombard 
. Safford 

. Vandeplas 
. Bessone 
. Kishore 

. Chobadi 
. Vekshtein 
. Lund 

. Danielsen 
. Mautner 


OMANADAARWNHY 


41-79 (65) 
42-81 (61) 


Totals 


Women 


Mitral 
Valve 
Dysfunction 


CA} 
>50% in 
Diameter 


33 (63%) 33/52 (63%) 
— 16*/69 (23%) 
68 (100%) 10/41 (24%) 
— 16*/48 (33%) 
81 (92%) 41/88 (47%) 
20 (71%) 14t/28 (50%) 
— 21*/48 (44%) 
156 (90%) 97/173 (56%) 
— 12/56 (21%) 
19 (100%) 4*/19 (21%) 
122 (87%) 32/140 (23%) 
127 (91%) 454/139 (32%) 
— 13*/44 (30%) 
— 18/39 (46%) 
78 (100%) 26/78 (33%) 
64 (100%) 32*/64 (50%) 
-— 34/110 (31%) 
88 (100%) 22/64 (34%) 
— 27/148 (18%) 
— 114/32 (34%) 
— 46/103 (45%) 
300 (100%) 54/300 (18%) 
— 17/75 (23%) 
— 135/234 (58%) 
— 55/83 (66%) 
— 47/192 (24%) 
219 (100%) 112ł#/219 (51%) 
“i 6/106 (6%) 
— 54/146 (37%) 
— 35/78 (45%) 
205 (100%) 83/205 (40%) 55 (27%) 
— 54/100 (54%) Je 
188 (100%) 80/188 (43%) 43 (23%) 


19 (22%) 
8 (29%) 


6 (4%) 
36 (26%) 


Sml es'e + al ial lol aes! So] 


15-88 (61) 1,881/ 
2,763 


(68%) 


882/ 29/ 
2,763 2,500 
(32%) (1%) 


1,768/ 
1,849 
(96%) 


1,302/ 
3,509 
(37%) 
*Coronary diameter narrowing > 75%. 
tCoronary diameter narrowing > 60%. 


Coronary diameter narrowing > 70%. 
AVR = aortic valve replacement; CA | = coronary artery narrowing; CABG = coronary artery bypass grafting. 
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Assessment of Ventricular Performance After Chronic 
Beta-Adrenergic Blockade in the Marfan Syndrome 


Carl M. Reed, MD, and Bruce S. Alpert, MD 


orbidity and mortality in the Marfan syndrome 
mainly result from dilation of the aortic root lead- 
ing to aortic valve regurgitation, dissection or rupture.' It 
has been proposed that by decreasing the inotropic state 
of the heart, the reduction in impact force of ejected blood 
on the aortic wall may reduce aortic root dilation and 
prevent related complications.” This has been the hypoth- 
esis for the successful use of 8-adrenergic blockers in this 
disease.*+ By constructing ventricular contractile perfor- 
mance curves using left ventricular ejection force,>° we 
confirmed that this mechanism is operative during chron- 
ic -adrenergic blockade’s modulation of aortic root 
growth rate in patients with the Marfan syndrome. 
The study cohort comprised 5 male and 4 female 
patients (age range 10 to 18 years, mean 14.7) with the 
Marfan syndrome, as diagnosed by a clinical geneticist. 
All patients underwent echocardiographic and Doppler 
evaluation with simultaneous heart rate and blood pres- 
sure determinations. Echocardiograms were analyzed 
utilizing the Dextra D-200 digitization system. After 
baseline studies, patients were treated with oral atenolol, 
which was clinically titrated to a goal of 2 mg/kg/day 
(usually in 2 divided doses). After a minimum treatment 
period of 6 weeks, the patients underwent reevaluation. 
Left ventricular ejection force was determined by the 
method of Isaaz et al; using the simplified equation 
described by Lloyd and Donnerstein.® Left ventricular 
ejection force was computed from blood density, the 
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cross-sectional area of the aortic annulus, and Doppler 
peak aortic velocity. Ventricular contractile perfor- 
mance curves were constructed from regressions of left 
ventricular ejection force plotted against the force op- 
posing ejection (Figure 1). The force opposing ejection is 
the product of diastolic blood pressure and the cross- 
sectional area of the aortic annulus in kdynes (1 mm 
Hg = 1.3 kdynes/cm’).° The paired Student t test was 
used to analyze the effects of atenolol before and after 
therapy. Statistical difference between performance 
curves was assessed by analysis of covariance, with 
time as a factor and the force opposing ejection as a 
covariate. A p value <0.05 was considered significant. 

All patients had dilated aortic roots on 2-dimension- 
al echocardiograms; none had aortic regurgitation by 
Doppler examination. There were no differences before 
and after atenolol in systolic or diastolic blood pres- 
sures. As expected, resting heart rates were significant- 


TABLE I Clinical and Echocardiographic Characteristics Before 
and After Atenolol 


After 
(n = 9) 


Before 
(n = 9) 


70+ 12 

108 + 11 

68 + 10 

37 £13 
328 + 100 


p Value 


Heart rate (beats/min) 
Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 
Aortic CSA (cm2) 


104 +11 
67+8 
3.822.) 

Force opposing ejection 336 + 100 

(kdynes) 
Peak aortic velocity (m/s) 
Ejection force (kdynes) 22+9 16+9 0.01 
Force/BSA (kdynes/m2) 14+9 10+7 0.008 
p values represent results of Student t test using paired data from 9 patients. All 
values are mean + S 


BP = blood pressure; BSA = body surface area; CSA = cross-sectional area; NS = 
not significant. 


1.06 +0.11 0.87 +0.15 0.003 


Ventricular Contractile Performance Curves 

j ‘lc - - = 2 = = 

circles: y= -10.3 + 0.14x - 1.0E of R=0.8, p 0.04} p=0.03 
pluses: y= -32.2 +0.20x - 1.7E-4x£ R=0.85, p=0.02 


FIGURE 1. Dotted line is ventricular con- 
tractile before atenolol thera- 
py, and solid line is after atenolol. These 
were constructed from regressions of left 


Ejection Force (kdynes) 
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ly lower after treatment with atenolol (Table I). There 
was no difference in aortic cross-sectional area after 
atenolol. However, peak aortic velocity was statistically 
different after atenolol. Left ventricular ejection force 
was lower (p <0.01) after chronic B blockade (Table I). 
The values in our patients are within the range of nor- 
mal, as published by Isaaz et al.’ The ventricular con- 
tractile performance curves (regression lines) demon- 
strate a reduction in inotropy of the left ventricle after 
atenolol (Figure 1). 

The aorta of patients with the Marfan syndrome is 
known to have abnormal mechanical properties’ and is 
incapable of sustaining normal physiologic forces without 
dilation. We believe the reduction in aortic root dilation 
after chronic -adrenergic blockade results from a de- 
crease in force imparted to blood ejected into the aortic 
root. Ejection force is dependent on both ventricular con- 
tractile performance (inotropic state) and the amount of 
afterload.® There was no significant change in afterload 
to account for the lower ejection forces after chronic 6 
blockade (Table I). The ventricular contractile perfor- 
mance curves demonstrate that the lower ejection forces 
resulted from a reduction in inotropy of the heart. These 


effects result in a reduction of aortic root stress, which 
should slow the rate of aortic dilation and reduce the 
morbidity and mortality in patients with the Marfan syn- 
drome. We recommend effective 8 blockade in patients 
with the Marfan syndrome, beginning when aortic size 
exceeds the upper range of normal, which frequently 
occurs in childhood or adolescence. 
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Measurement of Coronary and Peripheral Artery Flow by 
Intravascular Ultrasound and Pulsed Doppler Velocimetry 


Eric J. Eichhorn, MD, Luis G. Alvarez, MD, Michael E. Jessen, MD, Steven M. Fass, BS, 
Robert Y. Chao, MD, Donald Haagen, RCPT, and Paul A. Grayburn, MD 


raditional catheterization laboratory assessment of 

coronary artery disease has consisted of coronary 
angiography with or without quantitative coronary as- 
sessment. Although such information is clinically impor- 
tant, qualitative coronary angiography is limited by inter- 
observer variability,! and quantitative assessment may 
not provide functional information such as coronary flow. 
Techniques to assess coronary artery flow in the catheter- 
ization laboratory have included coronary sinus thermo- 
dilution (CST),” digital subtraction angiography* and 
xenon washout techniques.’ These techniques have signif- 
icant drawbacks, including inability to measure beat-to- 
beat variations. 

We evaluated the ability of intravascular ultrasound 
(IVUS) combined with Doppler velocimetry to deter- 
mine absolute coronary flow in an in vitro flow model.° 
We found the technique to be extremely accurate in ideal 
conditions. Flow calculated by this technique was very 
close to actual flow, with a small SEE. We recognized 
that such a technique may have limitations under in vivo 
conditions, including tortuosity of vessels, stenoses and a 
lack of ideal Doppler sampling within the flow profile. 
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To assess the feasibility of this technique in vivo, we first 
compared it with a “gold standard,” ultrasonic flow- 
meter determination in canine peripheral arteries. These 
arteries were chosen for their approximation in size to 
human coronary arteries. For human assessment, we 
compared IVUS Doppler with coronary sinus thermodi- 
lution. Although the limitations of CST are widely rec- 
ognized,’ we used it as our reference standard because 
(1) it is the most widely used clinical method of deter- 
mining coronary flow in humans, and (2) comparison 
with an ultrasonic flowmeter would need open-chest ap- 
plication with simultaneous fluoroscopic placement of 
the IVUS Doppler catheters. 

Flow was calculated based on the following princi- 
ple’: Flow = TVI(cm) + A + heart rate, where TVI = 
mean time-velocity integral averaged over several RR 
intervals, and A = cross-sectional area of vessel. 

For comparison of CST and IVUS Doppler, we as- 
sumed that left main coronary flow is equal to coronary 
sinus flow measured by thermodilution. Because we 
placed the coronary sinus catheter beyond the last 2 to 4 
mm of the coronary sinus (where some right coronary 
drainage occurs), our assumption is reasonable. 

Coronary flow reserve ratio was calculated from the 
intracoronary Doppler signal by 2 methods. The tradi- 
tional method relates peak velocities at hyperemia to 
baseline (referred to as coronary flow reserve by peak 
velocity). For the purposes of this study, we prospective- 
ly determined coronary flow reserve from the time-veloc- 
ity integrals using the following definition: 
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TVI,,(cm) x Aj,(cm7) 


CFR = ; 
TVI,(cm) x A,(cm7) 


where „ = hyperemic state, and » = baseline state. 

The animal study was approved by the institutional 
review board for animal research of the University of 
Texas Southwestern Medical Center on November 9, 
1990, and conformed with the guiding principles ap- 
proved by the American Physiological Society in the use 
and care of animals, and with the National Institutes of 
Health guidelines. Peripheral arteries were studied in 3 
adult mongrel dogs anesthetized with intravenous pento- 
barbital sodium (25 mg/kg on induction, and 2 to 3 
mg/kg as needed to maintain anesthesia) and ventilated 
with room air by a Harvard respirator. The right and left 

femoral arteries and the right carotid artery were isolat- 
ed, and a small arteriotomy was performed in a side- 
branch for introduction of either the IVUS or Doppler 
catheters. A small, variable clamp was applied upstream 
from the catheters to vary flow, and a Transonic Systems 


Flow by 
IVUS/Doppler '° 


(ml/min) 


(ml/min) 


ty observed (SEE 90 ml/min) is most likely 
due to inaccuracies in coronary sinus ther- 
modilution method rather than in IVUS 
Doppler. 





T101 ultrasonic flowmeter probe (Transonic Systems 
Inc., Ithaca, New York) was placed just distal to the 
intravascular catheters. This flow device was previously 
validated.? Luminal cross-sectional area was assessed in 
both the animal and human studies using a 4.8Fr IVUS 
catheter (Boston Scientific, Boston, Massachusetts) in- 
terfaced to a 20 MHz imaging console (IVUS, Diasonics, 
Milpitas, California). Measurements of cross-sectional 
area were obtained by computer-aided planimetry of the 
internal circumference of the vessel, using the software 
package built into the instrument. 

IVUS measurements were obtained over a wide range 
of flows (25 to 180 ml/min) by ultrasonic flowmeter 
detection. Because arterial cross-sectional area did not 
change appreciably over this range of flows in any of the 
arteries studied, a mean cross-sectional area for each 
artery determined at this time was used for calculation 
of flows. Although it is unclear why cross-sectional area 
did not change significantly with clamping, we presume 
this may be due to the absence of significant changes in 
the luminal area of elastic arteries with change in flow. 


y = 0.868x + 1.802 
r2 = 0.82 


75.100 .,..125) 150178 ..200 


Ultrasonic 
Flowmeter 
(ml/min) 


Line of Identity 





400 
Coronary Flow by 
IVUS/Doppler 


300 


y = 1.977x + 9.479 
r2 = .659 
p<0.0001 
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Peripheral artery flow varied over a range of 25 to 190 
ml/min by application of the variable clamp and boluses 
of epinephrine (0.1 mg). Heart rate was determined by 
an electrocardiogram that was recorded with the simul- 
taneous Doppler tracings. 

Flow velocity in animals was measured using a 3Fr 
catheter with a side-mounted Doppler crystal (NuMed, 
Hopkinton, New York). We used a side-mounted crystal 
for the animal study, because it provided more reliable 
signals than did the end-mounted crystals. The Doppler 
catheter was connected to a pulsed Doppler velocimeter 
(Triton Technology, Inc., San Diego, California) operat- 
ing at a carrier frequency of 20 MHz and a pulse repeti- 
tion frequency of 62.5 KHz. The output from the zero- 
crossing detector was displayed on a physiologic record- 
er. Because zero-crossing detectors may underestimate 
flow in certain circumstances, we previously validated in 
our in vitro flow model that peak flow velocity measured 
by zero-crossing detector closely relates to peak spectral 
analysis of coronary flow velocity. 

During Doppler velocimetry, the flow rate was al- 
tered from 25 to 190 ml/min by ultrasonic flowmeter 
detection. A strong correlation was found between ultra- 
sonic flowmeter probe and IVUS Doppler measurements 
of flow (IVUS Doppler = 0.868{ultrasonic flowmeter] 
+ 1.802; r? = 0.82; SEE 20.9 ml/min; p <0.0001) (Fig- 
ure 1). This suggests that IVUS Doppler measurements 
underestimate flow slightly, especially at higher flow 
rates. 

Six men (aged 45 to 67 years, mean + SD 58 + 9) 
presenting to the cardiac catheterization laboratory for 
evaluation of suspected cardiac disease were the subjects 
of the human study. Body surface areas ranged from 
1.76 to 2.22 m?. Entry criteria included patients with a 
long (>15 mm) left main coronary artery and no signifi- 
cant coronary disease (i.e., >50% lesion stenosis). This 
protocol was approved by the human studies subcom- 
mittee of the Dallas Veterans Administration Medical 
Center on August 6, 1990. Written informed consent was 
obtained from all subjects. 

A 7Fr Wilton-Webster thermodilution catheter was 
placed in the coronary sinus to measure left coronary 
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venous flow. An 8Fr left Judkins guide catheter was 
advanced to the ostium of the left main coronary artery, 
and a 3Fr end-mounted Doppler catheter (Millar Instru- 
ments, Houston, Texas) was advanced over a 0.014 inch 
guidewire into the left main. Doppler position and range- 
gating were used to optimize the signal. Patients were 
paced at 10 minute™! increments for 2 to 5 different 
heart rates. Doppler velocimetry was performed at each 
heart rate with simultaneous CST flow measurements. 
Before measuring any flow, the heart was paced at the 
new heart rate for 230 seconds to enable the flow to 
reach equilibrium. The pacemaker was returned to the 
lowest paced heart rate (usually 10 to 15 minutes! 
greater than resting rate), and intracoronary papaverine 
(7 to 9 mg) was administered for pharmacologic vasodi- 
lation. Doppler and CST measurements were repeated 
20 to 30 seconds after papaverine was administered at 
the point of maximal (peak) velocity. For each new 
Doppler velocity, 5 to 7 beats underwent planimetry and 
were averaged to establish a time-velocity integral for 
that flow rate. 

The Doppler catheter was removed, and the 4.8 Fr 
IVUS catheter was advanced to the position in the left 
main (angiographically) just distal to where the Doppler 
catheter was placed. Placement was made at the spot 
where the sample volume from range-gating was most 
likely to have been. The protocol was repeated. 

The flow measurement results for the IVUS Doppler 
and CST techniques are shown in Figure 2. The 2 tech- 
niques correlated well (IVUS Doppler = 1.977[CST] + 
9.479; r? = 0.66; p <0.0001), although at higher flow 
rates, IVUS Doppler flow estimates were systematically 
higher than those of CST. Because the IVUS Doppler 
technique correlated well with ultrasonic flowmeter 
probe measurements in animal studies, but underesti- 
mated flow slightly at higher flow rates, it is probable 
that CST underestimated flow severely at high flow 
rates, although it is possible that IVUS Doppler was 
overestimating flow in humans. 

With hyperemia, a significant increase in coronary 
flow occurred as compared to baseline by the IVUS 
Doppler (p <0.001 vs baseline) and CST (p <0.005) 


FIGURE 3. Coronary flow reserve mea- 
sured by 
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techniques, and by peak velocity (p <0.005). There were 
no differences in either heart rate (77 + 7 vs 78 + 6 
min`!; p = not significant [NS]) or rate-pressure prod- 
uct (10,364 + 1,033 vs 10,292 + 923 mm Hg-beats/min; 
p = NS) for baseline versus hyperemia. There was a 
good correlation between the IVUS Doppler technique 
and the peak velocity method for measuring coronary 
flow reserve (IVUS Doppler coronary flow reserve = 
1.227[peak velocity ratio] + 0.068; r? = 0.87; p = 
0.006), although IVUS Doppler was systematically 
higher than was the peak velocity ratio technique (Fig- 
ure 3). Coronary flow reserve was 2.3 + 0.5 by CST 
(range 1.6 to 3.1), 2.8 + 1.0 by IVUS Doppler (1.6 to 
4.2), and 2.2 + 0.8 by peak velocity (range 1.3 to 3.1; p 
<0.02 for IVUS Doppler vs peak velocity; p = NS for 
CST vs IVUS/Doppler or peak velocity). 

With papaverine, coronary velocity increased several- 
fold, suggesting a hyperemic response in most patients. 
However, despite this increase in coronary flow, left 
main cross-sectional area did not change (0.23 + 0.05 vs 
0.23 + 0.05 cm?; p = NS). 

Thus, the combination of IVUS and Doppler veloci- 
metry has the potential for measuring flow in peripheral 
and coronary arteries. Although CST is widely used to 
assess coronary flow in both clinical and research settings, 
the IVUS Doppler method may have several advantages, 
including the possibility that it is more accurate in deter- 
mining high flow rates. Furthermore, this new technique 
may have the advantage of beat-to-beat analysis. IVUS 
Doppler may also have the advantage of eventually exam- 
ining individual arteries, although this has yet to be vali- 
dated, and there may be significant limitations in more 
distal arteries. Finally, unlike CST, venous access and 
ability to cannulate the coronary sinus is not necessary 
with this technique. | 

Further evaluation and validation of this technique 
needs to be performed, including use of a combined cath- 
eter to enable near simultaneous measurements of IVUS 
and Doppler. Because of a parabolic flow profile, it is 
possible to either sample a centerline velocity, which 
would overestimate the space average velocity across the 
lumen, or sample near the vessel wall, which would result 
in underestimation of the mean space average velocity. 


Thus, eventual use of a Doppler crystal with a dispersing 
signal may enable better space average velocity measure- 
ments. Finally, spectral analysis was not used, because it 
was not commercially available at the initiation of our 
study. However, we strongly believe that future IVUS 
software should have the ability to display and analyze 
(on- and off-line) spectral signals, because this study and 
others!° suggest that absolute coronary flow may be mea- 
sured with this technique. Despite using a zero-crossing 
detector, the IVUS Doppler technique showed a strong 
correlation with transonic flow probe measurements. 
Further work is necessary to validate and elucidate the 
use of this technology. 
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Specificity of Electrocardiographic Stress Test in Women Versus Men 


Morton E. Tavel, MD 


omen are generally believed to be more apt to have 
false-positive electrocardiographic stress tests than 
men. Confusion exists, however, on whether the relatively 
high rate of false-positive results in women is a conse- 
quence of a low test specificity in this group, or a low 
positive predictive value of this test in a group with a 
relatively low prevalence of coronary disease. Several 
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studies that purport to demonstrate low specificity of such 
testing in women!~4 are subject to “referral” or “workup” 
bias (i.e., stress tests were not excluded before definitive 
study), thus allowing these tests to influence selection for 
final confirmation of the diagnosis. It is well known that 
this type of bias results in falsely low specificity values for 
any test.>° Therefore, since the ECG stress test is current- 
ly used widely and often contributes to the selection of 
which patients will undergo coronary arteriography, con- 
firmation of the diagnosis through arteriography will nec- 
essarily result in falsely low specificity values for stress 
testing. On the other hand, thallium-201 stress tests with 
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TABLE I Categories by Diagnosis of Patients Having No 
Reversible Ischemia by Thallium Study 


False-Positive Tests 


Definite 
Positive 


Borderline 
Positive 


Men 
Women 


24 (11.2%) 
8 (7.1%) 


21 (9.5%) 
10 (8.9%) 


TABLE II Heart Rate Responses Within the Subgrops 


Categorized by Electrocardiographic Response 


Men Women 


n=8 

61 (11) 
145 (13) 
n=10 
57 (10) 
141 (12) 
n= 94 
61 (9) 
140 (11) 


n=24 
55 (9) 
137 (10) 
n=21 
57 (10) 
145 (11) 
n= 169 
57 (10) 
143 (12) 


Positive ECG 

Mean age (SD) 

Peak heart rate—mean (SD) 
Borderline ECG 

Mean age (SD) 

Peak heart rate—mean (SD) 
Negative ECG 

Mean age (SD) 

Peak heart rate—mean (SD) 


ECG = electrocardiogram. 


tomographic enhancement (single-photon emission com- 
puted tomography [SPECT]) are found to be highly ac- 
curate for detecting and quantitating coronary ischemia,’ 
can be applied to populations in which referral bias is 
absent, and therefore, can provide an alternative means to 
study and compare the characteristics of the electrocar- 
diographic stress test in both sexes. 

We have performed ECG and thallium-201 
(SPECT) stress tests simultaneously in 674 consecutive 
patients whose average age was 60 + 10 years (446 men, 
average age 59 + 10 years; 228 women, average age 62 + 
9 years). Testing was performed for a variety of reasons, 
most often for assessment of coronary flow after percu- 
taneous coronary angioplasty, coronary bypass surgery 
and myocardial infarction. To minimize referral bias, 
patients referred because of prior positive or suspicious 
ECG stress tests were excluded. 

Patients with significant valvular or congenital heart 
disease were also excluded. Treadmill stress testing was 
performed through the use of a standard motorized 
treadmill (Quinton Instruments Corp.) using our own 
protocol: begin with a speed of 2 miles/hour and an 
incline of 3%, and every 2 minutes increases by 0.5 miles/ 
hour and 3% incline. Thallium-201 was administered 
when the heart rate reached 85% of expected maximum 
according to age criteria, and the subjects then exercised 
for 1 additional minute at the peak work load before 
cessation of the exercise. If symptoms or signs of distress 
occurred before the target heart rate was achieved, this 
level was then used for thallium injection and termina- 
tion. Blood pressure was measured every 2 minutes dur- 
ing exercise and immediately after exercise. A baseline 
12-lead electrocardiogram was obtained before exercise 
in both recumbent and standing positions. Leads II, V; 
and Vs; were monitored continuously during exercise and 
for 15 to 30 seconds after cessation. A 12-lead electro- 
cardiogram was obtained every 2 minutes during exer- 





cise. An abnormal response was considered to be 1 mm 
or more of horizontal or downsloping ST-segment de- 
pression in 1 or more leads compared with those of the 
resting electrocardiogram. Upsloping ST-segment de- 
pression was considered positive if >1.5 mm below the 
baseline (PQ segment) at 0.08 second after the J point, 
and “borderline” if depressed between 1 and 1.5 mm at 
this time. Patients receiving digitalis glycosides, having 
left bundle branch block or resting ST-segment abnor- 
malities were considered to have uninterpretable trac- 
ings. All B-blocking drugs and calcium antagonists with 
rate-limiting characteristics (diltiazem, verapamil) were 
withdrawn for a period of 24 to 72 hours before the test 
depending on each agent’s duration of action. 

Each patient received an intravenous dose of thalli- 
um-201 ranging from 2.0 to 3.5 mCi at the peak of 
exercise. Myocardial imaging (SPECT) was performed 
within 5 to 10 minutes of cessation of exercise and re- 
peated 3 to 4 hours later. Group proportions were ana- 
lyzed through the use of chi-square analysis. Confidence 
intervals were obtained with the binomial formula. 

Of the entire group, 449 patients had no evidence of 
reversible ischemia as demonstrated by thallium (279 
men, mean age 58 + 11 years; 170 women, mean age 62 
+ 10 years), and 326 of these had interpretable ECG 
stress test results. Of this latter group, there was a total 
of 32 (9.8%) positive tests, yielding a specificity of 
90.2%. An additional 31 patients (9.5%) had a border- 
line ECG test response. 

Tables I and II summarize the data derived from the 
326 subjects without ischemia but with interpretable 
electrocardiograms. Although the average age of the 
women tested was slightly greater than that of men, peak 
heart rate responses and ages displayed no significant 
differences between the positive and negative stress test 
responders (Table IT). If only the definitely positive re- 
sponders are included, the small difference of specificity 
between men (88.8%) and women (92.9%) equals —4.1%. 
The 95% confidence interval for this difference ranges 
from —10% to +2.4%, meaning that it is extremely un- 
likely for women to have a specificity lower than men 
that exceeds 2.4%, a clinically insignificant degree. 
Moreover, if one combines the positive and borderline 
test results, the 95% confidence interval for the combined 
differences ranges from —13.7% to +3.77%, again indi- 
cating it unlikely for women to have specificity values 
<3.77% than those of men. Thus, there appears to be no 
significant difference in ECG test specificity between 
men and women, regardless whether one includes either 
positive or borderline responses. 

Previous studies have been divided concerning the rel- 
ative specificity of ECG stress testing between the sexes. 
Early work (before 1975)8-!! in which testing was con- 
fined to asymptomatic women presumed free of coronary 
disease suggested that specificity was extremely low 
(range 34 to 75%), being especially low in older women. 
Criteria for a positive test were not as rigorous as those of 
today, however, and simultaneous comparisons with men 
were generally not performed. Moreover, no definitive 
tests were used to exclude occult coronary disease. More 
recently, Manca et al,'? defining a positive response as 
horizontal or downsloping ST depression of 1 mm or 
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more, found that the rate of positive responses (presum- 
ably false-positive) was basically the same (6 to 8%) for 
both men and women who were young and middle-aged 
and who were asymptomatic, presumed healthy, and fol- 
lowed for up to 6 years to exclude coronary disease. Simi- 
lar results (6% false-positive rate) were obtained in 
healthy women by Sheffield et al,!? and most of their 
positive responses were encountered in older women ex- 
ceeding the age of 38. In contrast, data from Wu et al'4 
suggested a relatively lower specificity in younger women 
than in men, although the rate of false-positive stress test 
responders was low in both groups (2.2% in women and 
0.58% in men). 

Several studies!~*:!>.!© in which coronary cineangiog- 
raphy was used as the definitive confirmatory standard 
for diagnosis have generally yielded low specificity values 
for women (range 33 to 86%). The inherent referral bias 
in this study design probably accounts for these low val- 
ues. This type of bias occurs unless the results of prior 
stress tests are scrupulously avoided when selecting sub- 
jects to undergo definitive study with coronary cineangi- 
ography. Despite this apparent shortcoming, however, 2 
studies!>:!© demonstrated no significant specificity differ- 
ence between the sexes, suggesting that selection bias 
may have been absent or equal for both sexes. 

Our results demonstrate that when one uses an objec- 
tive test in which referral bias can be minimized (thallium 
stress test) to establish the absence of coronary ischemia, 
the ECG stress test is just as specific in women as in men. 
The use of thallium testing as the “gold standard” for 
comparison, while subject to debate, should be acceptable 
for this purpose, because it indicates the presence of phys- 
iologic ischemia and the results may be even more predic- 
tive of future coronary events than results derived from 
coronary cineangiography.'* Thallium stress (SPECT) 
results are highly sensitive in detecting coronary isch- 
emia, averaging as high as 94 to 96%,’ are more accurate 
than planar techniques,'*® and do not appear to be influ- 
enced significantly by sex.'? Thus, in our series, negative 
responders to thallium have an extremely low probability 
of ischemia, thus providing an excellent group in which to 
assess specificity of ECG testing. Our patient population, 
however, is composed primarily of older persons, and thus 
these results may not necessarily be extrapolated to youn- 
ger persons, especially women, in whom hormonal or 
other factors may be operative. As mentioned previously, 
when current criteria for positive responses are applied, 
test specificity in younger women also is quite high. 

One shortcoming of this study is that, to obtain time- 
ly thallium images, ECG monitoring was necessarily 
stopped a few seconds after exercise was completed. 
Thus, delayed ECG changes could have been missed. We 
are unaware, of any greater propensity of either sex to 
manifest such delayed responses, and therefore believe it 
unlikely that the present results would have been modi- 
fied significantly. 

In conclusion, these data suggest that the practical 
approach to diagnosis in women can be similar to that in 


men. Even with identical specificity between the sexes, 
testing of women with few risk factors or in younger age 
ranges will generally yield a low predictive value for a 
positive test — generally lower than those of men. Con- 
versely, a negative test under such circumstances would 
be highly predictive that disease is absent. Our data 
therefore suggest that the initial evaluation of the individ- 
ual female patient need not generally involve costly nucle- 
ar or cineangiographic techniques unless the standard 
ECG test is positive — a relatively uncommon occur- 
rence. 
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Assessment of Rate Smoothing in Dual-Chamber Pacemakers 
Daniel H. Azara, MD, Carlos A.V. Girardi, MD, Horacio G. Ruffa, MD, Angel G. Villoldo, MD, 


and Horacio J. Gimenez, MD 


ye ete pacemakers help preserve atrioventric- 
ular (AV) synchrony during increasing heart rates!~3 
and demonstrate improved hemodynamic parameters 
compared with those of single-chamber units.4-® How- 
ever, abrupt reductions in the ventricular paced rate oc- 
cur frequently during exercise as the upper rate limit is 
exceeded. Electronic Wenckebach sequences, and 2:1 
and higher degrees of AV block occur as the atrial inter- 
vals become progressively shorter than the total atrial 
refractory period. The ventricular paced rate may de- 
crease to the lower rate limit, fluctuate wildly and often 
result in severe symptoms, because these rate shifts tend 
to occur when physiologic stress and metabolic demands 
on the patient are at a peak.’ A rate-smoothing function 
controls the allowed heart cycle variation in the ventri- 
cles, and thus avoids abrupt rate change. To determine 
the physiologic and clinical behavior accompanying the 
use of this function, we investigated its safety and effec- 
tiveness during maximal exercise testing, and compared 
its effects on exercise capacity and the subjective reasons 
for stress discontinuance. 

Subjects included in the study were implanted with 
dual-chamber pacemakers because of bradycardia-re- 
lated symptoms, and had adequate P-wave amplitude on 
a standard electrocardiogram, willingness and ability to 
perform a number of metabolic exercise tests, and satis- 
factory increase of atrial rate to the programmed upper 
rate limits during physical effort. Patients with recurrent 
atrial arrhythmias resisting medical treatment, chronic 
atrial fibrillation or unexcitable atria were excluded. 

We used CPI Delta DDD 925 and 927 pacemakers. 
These devices store in memory the previous RR interval 
(either intrinsic or stimulated) and generate atrial and 
ventricular rate-smoothing windows for the following 
cycle. The percentage of deviation from the last RR 
interval permitted from cycle to cycle is programmable 
from 3 to 25%. Ideally, the value should be selected to 
provide protection against large pathophysiologic inter- 
val changes, but enable the atrial and ventricular re- 
sponses to be associated 1:1 in response to given levels of 
activity. 

The protocol was approved by the Teaching and Re- 
search Department of our institution, and all patients 
gave written consent for repeated metabolic exercise tests 
as outpatients. An initial maximal exercise test was ini- 
tially performed with the rate-smoothing function off. It 
was then programmed to some value at random by 1 
researcher, and 23 more sequential exercise tests at 
varied settings were completed over an average of 14 + 5 
days. The programmed setting finally compared was 
that associated with the best maximal exercise level and 


the least symptoms. 
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Exercise was performed on a standard treadmill, us- 
ing a modified Naughton protocol consisting of 3-minute 
stages, beginning with 1.5% gradient and increasing pro- 
gressively. Testing was performed during the morning, 
but patients were allowed to have a light breakfast. Dur- 
ing exercise, support on the side railings was not allowed. 
Spirometry was performed in the usual manner with the 
stress laboratory kept at a temperature of 22°C and 
approximately 50% humidity. The Vs electrocardio- 
gram was monitored constantly. Blood pressure was re- 
corded at regular intervals using a manometer and re- 
ported as the maximum systolic and diastolic blood 
pressure. Exercise capacity was expressed in METs (1 
MET equaling oxygen consumption at basal state) and 
exercise duration in minutes. 

Exercise was stopped because of either symptoms or 
achieving the maximum age-predicted level of exertion. 
Subjective causes of exercise termination were carefully — 
assessed by 2 researchers during the period of recovery 
and confirmed by interviews of patients at the end of the 
tests. 

Statistical analysis was performed using Statpac 
software; data are presented as mean + SD. Compari- 
sons were obtained using analysis of variance, Student’s t 
test for paired data, and Fisher’s exact test. A p value 
<0.05 was considered statistically significant. 

The characteristics of the patients studied are sum- 
marized in Table I. Symptomatology ending the exercise 
tests is shown in Figure 1. With rate smoothing on, the 
incidence of dizziness, dyspnea and discomfort was 
markedly reduced. The exercise ability of the subjects is 
tabulated in Table II and shown ona line graph in Figure 
2. With rate smoothing off, exercise capacity was 5.6 + 
2.1 METs, and duration was 8.4 + 3.2 minutes. With 
rate smoothing on, maximal observed exercise capacity 
and duration increased to 9.0 + 2.2 METs and 13.5 + 
3.1 minutes, respectively (p <0.01). Systolic blood pres- 
sure was increased with rate smoothing on (180 + 19 


TABLE I Features and Pacemaker Parameters in the Ten Pa- 
tients 


Age 


Pt. (year) Etiology LRL AVD URL PVARP VRP RS 


Owmwrwmwaaqannoonno 


l 
2 
3 
4 
5 
6 
7 
8 
9 
10 


A = 6%; AVD = atrioventricular delay (ms); B = 12.5%; C = 25%; CAVB = 
complete atrioventricular block; LRL = lower rate limit (beats/min); PVARP = 
postventricular atrial refractory period (ms); RS = rate smoothing; URL = upper rate 
limit (beats/min); VRP = ventricular refractory period (ms); 2° AVB = 2nd degree 
atrioventricular block. 
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vs 161 + 22 mm Hg), but the degree of difference was 
not Statistically significant. The ventricular paced rate 
showed no abrupt changes with rate smoothing on, and 
AV synchrony was better maintained than with rate 
smoothing off. However, the most striking effect of rate 


smoothing was to increase the ability to exercise virtual- 
ly symptom-free and to stop only because of physical 
tiredness. Achievement of maximum peak increase in 
exercise capacity was considered to have been accom- 
plished in 6 patients. Symptomatology suggesting pace- 


TABLE II Comparison of Blood Pressure, Exercise Capacity and Duration in Patients with 
Dual-Chamber Pacemakers Having Rate-Smoothing Capability 


Basal BP 
(mm Hg) 


Maximal BP 
(mm Hg) 


Ex. Cap. Ex. Dur. 
(METs) (min) 


RS Off RS On RS Off RS On RS Off RSOn RSOff RSOn 


WOON A aFPWN rH 


10 
Average 
SD 


160/90 
120/85 
190/95 
120/80 
120/70 
199.75 
129/80 
120/80 
130/60 
110/80 
129/80 
22/10 


130/85 
130/80 
190/95 
120/80 
120/70 
105/75 
130/80 
120/80 
130/60 
120/80 
130/78 
23/9 


180/90 
150/70 
120/80 
170/70 
150/70 
140/70 
190/90 
150/75 
180/70 
180/90 
161/78 
22/9 


160/90 
180/80 
200/95 
200/80 
170/70 
165/70 
200/90 
150/80 
170/80 
200/90 
180/82 
19/9 


— 
NADA ARDALAWO 


p value NS NS 


BP = blood pressure; Ex. Cap. = exercise capacity; Ex. Dur. = exercise duration; METs = multiples of basal systemic 
oxygen consumption; NS = not significant; RS = rate smoothing. 


Frequency of symptoms limiting exercise 
duration with RS OFF vs. ON 


aaa Dizziness 
WIA Dyspnea 


eA Discomfort 
[C] Muscular Fatigue 


- »© ob fF Hon oO O 


o 





Comparison of exercise capacity 
in patients with RS OFF vs ON 


FIGURE 2. Comparison of exercise dura- 
tion (minutes) with rate smoothing (RS) off 
and on. 


9 
8 
7 
6 
5 
4 
3 
2 
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Wd 


: MEAN VALUES (S.D. :1.38) 
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maker-mediated tachycardia or atrial tachyarrhyth- 
mias was not apparent in any test or subsequent patient 
follow-up. 

The importance of atrial systole and AV synchroniza- 
tion in sustaining cardiac output was previously shown,!° 
and several investigations have shown the relation be- 
tween the loss of these mechanisms and pacemaker syn- 
drome.>-'! Abrupt ventricular paced rate changes at ap- 
proximately the upper rate limit have not been as well- 
studied, and comparative effects in a number of patients 
with and without rate smoothing were not previously 
reported. Rate smoothing is a programmable parameter 
that makes it possible to avoid abrupt changes in heart 
rate. Because of the generation of dual windows in real 
time for the following cycle, AV sequences are kept syn- 
chronized for most frequency ranges, a feature particu- 
larly beneficial during maximum effort and immediately 
in the recovery phase. 

A limitation of this study is the comparison of the best 
rate-smoothing setting with the 1 nonrandomized exer- 
cise test performed initially. It is possible that other com- 
binations of programmed pacemaker functions could 
have resulted in better exercise performance even without 
use of the rate-smoothing function. Furthermore, it is 
theoretically possible for pacemaker firing during the 
atrial refractory period to induce atrial tachyarrhythmias 
during any periods of asynchrony that may occur; how- 
ever, this was not observed in the present patient group. 

This study demonstrates that by using rate smoothing 
in some patients with dual-chamber pacemakers, it is 
possible to significantly increase exercise capacity and 
duration. In our group, chronotropic response was mainly 
obtained by sinus-node sensing and was further improved 
by the programmed rate smoothing. During the tests with 
the modality on, we observed regularity of the RR inter- 
vals and the absence of symptoms when reaching the 
upper rate limit. Without rate smoothing, abrupt rate 
changes and subjective symptoms were often present. 

Another potential problem that largely appears to be 
obviated by rate smoothing is that of pacemaker-mediat- 
ed tachycardia.’ In general, the search for high chrono- 


tropic responses makes it necessary to program high up- 
per rate limits. To preserve atrial synchrony, small AV 
delay and postventricular refractory periods are usually 
recommended. The remaining space constitutes a sensing 
window for the spontaneous P wave. A disadvantage of 
this method is the possibility of favoring retrograde AV 
conduction. Rate smoothing is helpful in automatically 
adjusting the refractory period through the generation of 
more appropriate atrial windows, thus serving to prevent 
the mechanism even if the upper rate is maximally set. 

In conclusion, this report suggests that heart rate sta- 
bility achieved by the use of rate smoothing can be useful, 
and appears to be a decisive factor in increasing exercise 
capacity and duration. 


Acknowledgment: We thank Angelica la Rosa for ex- 
cellent technical assistance in performing the exercise test 
studies. 
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Changes in Plasma Concentrations of Atrial Natriuretic Peptides After 
Cardioversion of Chronic Atrial Fibrillation 


Michio Arakawa, MD, Hiroshi Miwa, MD, Kenjiro Kambara, MD, Michiya Ohno, MD, 
Kensaku Kagawa, MD, Kazuhiko Nishigaki, MD, Yoshimi Ito, MD, Tomoo Kawada, MD, 


and Senri Hirakawa, MD 


lasma concentrations of atrial natriuretic peptides 

(ANP) were mostly high in patients with chronic 
atrial fibrillation (AF).!? After an abrupt restoration of 
sinus rhythm by direct-current cardioversion in patients 
with chronic AF, plasma ANP was significantly de- 
creased after 60 minutes.!? However, the effects of atrial 
pressure and heart rate on plasma ANP during the base- 
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line period remained unclear. The aim of this study was to 
explore the range of plasma concentrations of ANP dur- 
ing the baseline period and to examine the changes in 
plasma ANP after restoration of sinus rhythm by direct- 
current cardioversion in patients with chronic AF, but 
without elevated atrial pressure. 

Patient characteristics, plasma concentrations of 
ANP, and heart rate before and after direct-current car- 
dioversion are listed in Table I. Eighteen elective cardio- 
versions were performed in 14 patients with chronic AF 
(duration >3 months) and relatively controlled ventricu- 
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TABLE I Characteristics, Atrial Natriuretic Peptide and Heart Rate of Patients During 
Baseline Period and 60 Minutes After Direct-Current Cardioversion 


Pt. No. Age (year) Diagnosis 


ANP (pg/ml) 


Baseline 


Heart Rate (beats/min) 


60 Minutes Baseline 60 Minutes 


“Normal” Concentrations of Plasma ANP 


Successful cardioversion 


Lone AF 
Mean 
+ SD 
Unsuccessful cardioversion 
8 52 DC 
9 41 Lone AF 
10 41 Lone AF 


Lone AF 
Lone AF 


Unsuccessful cardioversion 
41 
67 


*p <0.05; tp = not significant; tp <0.01 from baseline values. 

§Unsuccessful group including “normal” and high concentrations of ANP (patients 8—10, 17 and 18). 

AF = atrial fibrillation; ANP = atrial natriuretic peptide; DC = dilated cardiomyopathy; LAM = left atrial myxoma; MVR = 
mitral valve repair; PLSVC = persistent left superior vena cava; — = not measured. 


TABLE li Variables in Patients with Chronic Atrial Fibrillation During Baseline Period 


ANP 
(pg/ml) 


43 + 22 


Age 
(year) 


Pts. with “normal” ANP (<74 pg/ml; 47+ 14 
n = 10) 
Pts. with high ANP (> 74 pg/ml; n = 8) 122 + 24* 
*p <0.001; tp <0.05 from patients with normal ANP. 
Values are mean + SD 


55+ 14 


HR RAP 
(beats/min) 


76+8 


86 + 8t 


LAD 
(mm) 


PAWP CO 


(mmHg) (mm Hg) (L/min) 


4+1 8+2 3.81+0.55 40+5 0.57 +0.07 


Stl 9:2 3.46+0.58 44+7 0.55+0.10 


ANP = atrial natriuretic peptide; CO = cardiac output; HR = heart rate; LAD = left atrial dimension; LVEF = left ventricular ejection fraction; PAWP = pulmonary arterial wedge 


pressure; RAP = right atrial pressure. 


lar responses (range 61 to 98 beats/min). Duration of AF 
was defined as the period from the first electrocardio- 
graphic documentation of AF at our clinic, and dura- 
tions >3 months were uniformly defined as chronic AF. 
Diagnosis of lone AF was obtained when patients had no 
evidence of cardiovascular diseases by history, physi- 
cal examination, electrocardiography, echocardiogra- 
phy and coronary angiography (when possible) (patients 
4,7,9, 10, 12, and 16 to 18). Right atrial and pulmonary 
artery wedge pressures, and cardiac output were record- 
ed during routine cardiac catheterization or direct-cur- 
rent cardioversion with a Swan-Ganz catheter. Left atri- 
al dimension was measured from the posterior wall of 
the aorta to the posterior left atrial wall. Furthermore, in 





5 events in 4 patients (lone AF: patients 7, 15 and 16; and 
dilated cardiomyopathy: 5 and 6), hemodynamic vari- 
ables were concomitantly measured during direct-cur- 
rent cardioversion and follow-up. In all patients, blood 
urea nitrogen, serum creatinine and serum electrolytes 
were normal, and absence of left atrial thrombus was 
confirmed by transesophageal echocardiography. 
Patients remained quiet in bed for 30 to 60 minutes 
before cardioversion (baseline period). After intravenous 
injection of thiopental sodium (100 to 200 mg) for light 
anesthesia, patients underwent direct-current cardiover- 
sion (100 to 200 J). When initial direct-current cardio- 
version was ineffective, another shock was attempted. 
Blood samples were obtained quickly with minimal use 
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of a tourniquet from the antecubital vein before and 60 
minutes after cardioversion. Blood samples were stored 
in cold tubes containing 2Na ethylendiaminetetraacetic 
acid, which were subsequently centrifuged at 3,000 rpm 
for 5 minutes. Plasma was separated and stored at 
—20°C. The concentration of ANP was measured with 
radioimmunoassay (SRL Co., Tokyo, Japan). Normal 
concentrations are 29 to 74 pg/ml. Values are expressed 
as mean + SD. A comparison was obtained with Stu- 
dent's t test between values at baseline period and at 60 
minutes, and between values in groups with “normal” 
and high plasma ANP. A p value <0.05 was considered 
significant. 

Patients were characterized as having either normal 
or high plasma ANP (Table I). Plasma ANP was within 
the normal range in 10 events in7 patients, and was high 
in 8 events in 7 patients during the baseline period. In 3 
events (nos. 9, 10 and 17) in 1 patient on different days, 
plasma ANP was normal twice and high once. Fluctua- 
tion in plasma ANP is likely to occur. 

Heart rate during baseline was significantly higher in 
patients with high plasma ANP than in those with nor- 
mal plasma ANP. Plasma ANP during baseline (Y) 
appears to increase with an increase in heart rate (X), 
yielding the following regression equation: Y = 3.0 X — 
164 (n = 18; r = 0.58; p <0.05). From the regression 
equation, a heart rate of 79 beats/min predicts a plasma 
ANP value of 74 pg/ml (upper limit of normal concen- 
tration). Pressures in the right atrium and pulmonary 
artery wedge position were within normal limits, regard- 
less of plasma ANP. Several other variables that may 
affect plasma ANP during baseline period (such as un- 
derlying diseases, right atrial and pulmonary artery 
wedge pressures, left atrial dimension, and so forth) were 
not significantly different between the 2 groups (Table 
IT). 


Direct-current cardioversion was successful for res- 
toration of sinus rhythm in 13 events, whereas it was 
unsuccessful in 5. 

Plasma ANP decreased significantly 60 minutes af- 
ter successful cardioversion in patients with high as well 
as normal plasma ANP. The amount of reduction in 
plasma ANP concentrations (Y) after successful cardio- 
version correlated with those at baseline (X), yielding the 
following equation: Y = —0.64X + 3.35 (n= 13; r= 
0.94; p <0.001). This linear decrease in plasma ANP 
indicates that the ratio of the size of the decrease to the 
baseline concentration is constant. As expected, plasma 
ANP remained unchanged in patients with unsuccessful 
cardioversion. 

The time course of changes in variables obtained 
from 5 events (nos. 5 to 7, 15 and 16) in 4 patients with 
successful cardioversion showed that plasma ANP de- 


creased significantly 60 minutes after cardioversion (91 
+ 49 to 31 + 12 pg/ml). Heart rate and mean pulmonary 
artery wedge pressure tended to decrease 60 minutes 
after cardioversion (from 82 + 10 to 69 + 6 beats/min, 
and from 10 + 1 to 7 + 3 mm Hg, respectively). 

We found that plasma ANP in patients with chronic 
AF, but without elevated right atrial and pulmonary 
artery wedge pressures, ranged from normal to above 
normal levels and decreased significantly 60 minutes 
after restoration of sinus rhythm with direct-current car- 
dioversion. These findings suggest that the generation of 
ANP in the atrial wall or the release of ANP into the 
systemic circulation rapidly decreases, possibly due to 
changes in atrial rhythm, ventricular response rates and 
atrial pressure. | 

Previous studies showed that atrial pressure increases 
during AF? and decreases after restoration of sinus 
rhythm.* However, patients with chronic AF frequently 
have normal atrial pressure. This may explain the normal 
values of plasma ANP in patients with chronic AF. An- 
other potential explanation for normal plasma ANP in 
patients with chronic AF is degeneration or exhaustion of 
cells that secrete ANP. Prolonged AF causes atrophy of 
the atrial muscle.> Accordingly, long-standing AF is like- 
ly to decrease the production of ANP. Furthermore, in- 
creased ventricular response in AF appears to be a factor 
in increasing plasma ANP. 

The decrease in plasma ANP appears to be time- 
dependent after an abrupt restoration of sinus rhythm by 
direct-current cardioversion of chronic AF. In a previous 
study, plasma ANP in 10 patients with chronic AF (12.4 
+ 4.5 weeks) decreased slightly but significantly (p 
<0.01) from 138 + 48 pg/ml before cardioversion to 116 
+ 45 pg/ml 60 minutes after successful direct-current 
cardioversion.! In another study, plasma ANP in 13 pa- 
tients with AF of relatively short duration (3 hours to 4 
months) decreased significantly (p <0.05) from 134 + 27 
pg/ml to 62 + 16 pg/ml 60 minutes after successful 
cardioversion; plasma ANP at baseline correlated signifi- 
cantly with the magnitude of its decrease after cardiover- 
sion.” This relation was also observed in the present study. 
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intraoperative Percutaneous Double-Balloon Valvuloplasty Versus 
Surgical Commissurotomy for Mitral Valve Stenosis 
Eugenio Martuscelli, MD, Francesco Romeo, MD, Giuseppe M.C. Rosano, MD, 


Arnaldo G. Macchiarelli, MD, Riccardo Sinatra, MD, Corrado Mercanti, MD, 
Antonio Nigri, MD, Attilio Reale, MD, and Benedetto Marino, MD 


I patients with pure mitral stenosis, a significant in- 
crease in valvular area can be obtained by a percutane- 
ous approach with balloon valvuloplasty, by surgical 
closed commissurotomy, and by a selective eye-guided 
reparative procedure during cardiopulmonary bypass. 
The surgical closed mitral commissurotomy for treat- 
ment of mitral stenosis was first described by Cutler in 
1924 and is still the most common surgical procedure in 
most countries. The open surgical commissurotomy, 
more recently introduced, together with the mitral valve 
replacement represent a more appropriate choice in pa- 
tients with leaflet calcification, subvalvular disease or left 
atrial thrombus. Percutaneous balloon mitral valvulo- 
plasty was first described by Inoue et al! in 1984 as a 
nonsurgical therapeutic approach to surgical commissur- 
otomy in patients with pure mitral stenosis. Al Zaibag et 
al? subsequently developed the double-balloon technique 
to obviate the noncommercial availability of the Inoue 
catheter. Under similar anatomic conditions, open-chest 
commissurotomy should be more effective in terms of 
final valvular area than techniques such as closed com- 
missurotomy or percutaneous balloon valvuloplasty that 
induce a rude mechanical stress to the mitral commis- 
sures and leaflets. It has been recently suggested, how- 
ever, that balloon valvuloplasty provides hemodynamic 
results comparable to those obtained by either surgical 
open or closed commissurotomy.? The present study com- 
pares intraoperative effects on final mitral valve area, as 
assessed by a Hegar calibrator, of percutaneous double- 
balloon mitral valvuloplasty and open-chest commissur- 
otomy. 
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FIGURE 1. Mitral valve area before and after 


*= p< 0.01 


BASELINE 





The study population consisted of 10 patients (4 men 
and 6 women, mean age 46 + 8 years) with severe pure 
mitral stenosis (mitral valve regurgitation <grade I 
of Sellers classification), no or mild leaflet calcium 
and Block echocardiographic score <8. Patients with 
marked dysfunction of the subvalvular apparatus were 
excluded from the study. All patients underwent double- 
balloon dilatation of the mitral valve and subsequently 
surgical open commissurotomy during cardiopulmonary 
bypass. 

During cardiopulmonary bypass the left atrium was 
opened, the mitral valve inspected and its area measured 
by a Hegar calibrator. Two balloons (20 and 15 mm in 
diameter) were advanced across the mitral valve and 
simultaneously inflated with saline solution at 5 atm. 
After the procedure the surgeon performed a complete 
reparative procedure opening the commissures not yet 
split and mobilizing tendinous cords and papillary mus- 
cles. Measurements of valve area were obtained after 
balloon valvuloplasty and after surgical commissur- 
otomy. 

A 2-tailed Student's t test was used to test the differ- 
ences between interventions. A p value <0.05 was consid- 
ered significant. Results are expressed as mean + | 
standard deviation. 

Double-balloon valvuloplasty caused splitting of 
both commissures in 5 patients, whereas only the antero- 
lateral commissures were opened in the remaining 5 pa- 
tients. The valve area increased from 1.51 + 0.24 to 3.28 
+ 0.48 cm? (p <0.001) after double-balloon valvulo- 
plasty and to 5.2 + 0.56 cm? after the surgical procedure 
(p <0.001 compared with valvuloplasty) (Figure 1). No 
damage of the valvular apparatus was evident after dou-. 
ble-balloon dilatation in any patient. 


VALVULOPLASTY 


SURGERY 
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Percutaneous mitral balloon valvuloplasty and closed 
commissurotomy represent a valid therapeutic alterna- 
tive to open-chest commissurotomy in patients with pure 
mitral stenosis. In young patients with pliable valves and 
slight dysfunction of the subvalvular apparatus, both 
techniques give excellent hemodynamic and clinical re- 
sults? and carry small risks compared with open commis- 
surotomy, especially in high-risk patients or during preg- 
nancy.*» In patients with less favorable anatomic condi- 
tions, the immediate and late results are less convincing. 
In this last subset of patients it is not yet clear which of the 
2 techniques, open commissurotomy or percutaneous mi- 
tral valvuloplasty, is superior. 

Our study was conducted in middle-aged patients 
with nonoptimal anatomic conditions of the subvalvular 
apparatus. Although we confirmed the ability of mitral 
valvuloplasty to increase (more than twofold) the ana- 
tomic valve area significantly, our study suggests that a 
surgical splitting of commissures and eye-guided repair of 
the subvalvular apparatus give better results. Obviously, 
we could only estimate the anatomic changes of the mi- 
tral valve and not the hemodynamic results because mea- 
surements of the mitral valve area obtained with the 
Hegar calibrator do not necessarily correspond to those 
obtained by the Hatle or Gorlin formulas. Although ana- 
tomically different valve areas may have similar hemody- 


namic significance, it is also possible that an abnormal 
flow pattern through a valve that does not open complete- 
ly may lead to more rapid restenosis. 

In conclusion, our data confirm the effectiveness of 
percutaneous balloon valvuloplasty in the treatment of 
pure mitral stenosis. Although open commissurotomy 
gives better results in patients with a nonoptimal echo 
score, it carries greater intraoperative risks, is far more 
expensive,’ and has not yet been shown to provide greater 
functional and prognostic improvement in patients with 
pure mitral stenosis. Therefore, the risk-benefit ratio 
must be carefully considered, especially in those patients 
with a nonoptimal echo score. 
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synthesis and possibly the synthesis of other biologically active substances derived from cholesterol, they may 
Cause fetal harm when administered to pregnant women. Therefore, HMG-CoA reductase inhibitors are contra- 
indicated during pregnancy and in nursing mothers. Pravastatin should be administered to women of childbear- 
ing age wi! when such patients are hi we Cabin to conceive and have been informed of the potential 
hazards. If the patient becomes pregnant while taking this class of drug, therapy should be discontinued and 
the patient apprised of the potential hazarc to the fetus. 


WARNINGS 

Liver Enzymes: HMG-CoA reductase inhibitors, like some other lipid-lowering therapies, have been associated 
with biochemical abnormalities of liver function. Increases of serum transaminase (ALT, AST) values to more 
than 3 times the upper limit of normal occurring on 2 or more (not necessarily sequential) occasions have been 
reported in 1.3% of patients treated with pravastatin in the U.S. over an average period of 18 months. These 
abnormalities were not associated with cholestasis and did not appear to be related to treatment duration. In 
those patients in whom these abnormalities were believed to be related to pravastatin and who were discon- 
tinued from therapy, the transaminase levels usually fell slowly to pretreatment levels. These biochemical find- 
ings are usually asymptomatic although worldwide experience indicates that anorexia, weakness, and/or ab- 
dominal pain may also be present in rare patients. 

As with other lipid-lowering agents, liver function tests should be performed during therapy with pravastatin. 
Serum aminotransterases, including ALT (SGPT), should be monitored before treatment begins, every six weeks 
for the first three months, every eight weeks during the remainder of the first year, and periodically thereafter 
(e.g., at about six-month intervals). Special attention should be given to patients who develop increased trans- 
aminase levels. Liver function tests should be repeated to confirm an elevation and subsequently monitored 
at more frequent intervals. If increases in AST and ALT equal or exceed three times the upper limit of normal 
and persist, then therapy should be discontinued. Persistence of significant aminotransferase elevations following 
discontinuation of therapy may warrant consideration of liver biopsy 

Active liver disease or unexplained transaminase elevations are contraindications to the use of pravastatin 
(see CONTRAINDICATIONS). Caution should be exercised when cei is administered to patients with 
a history of liver disease or h alcohol ingestion (see CLINICAL PHARMACOLOGY: Pharmacokinetics/ 
Meta „i Such patients should be closely monitored, started at the lower end of the recommended dosing 
range, and titrated to the desired therapeutic effect. 

keletal Muscle: aaroo with renal dysfunction secondary to myoglobinuria has been reported 
with pravastatin and other drugs in this class. Uncomplicated myalgia has also been reported in pravastatin- 
treated patients (see ADVERSE REACTIONS). ropen defined as muscle aching or muscle weakness in 
conjunction with increases in creatine phosphokinase (CPK) values to greater than 10 times the upper limit 
of normal was reported to be possibly due to pravastatin in only one patient in clinical trials (< 0.1%). Myopathy 
should be considered in any patient with diffuse myalgias, muscle tenderness or weakness, and/or marked 
elevation of CPK. Patients should be advised to report promptly unexplained muscle pain, tenderness or 
weakness, particularly if accompanied by malaise or fever. Pravastatin therapy should be discontinued if 
markedly elevated CPK levels occur or th ite A is diagnosed or suspected. Pravastatin therapy should 
also be temporarily withheld in any patient experiencing an acute or serious condition predisposing to the 

of renal failure secondary to rhabdo IS, e.g., Sepsis; ension; major surgery; trauma; 
severe metabolic, endocrine, or electrolyte disorders; or uncontrolled spropay. , 

The risk of myopathy during treatment with lovastatin is increased if therapy with either cyclosporine, gem- 
fibrozil, erythromycin, or niacin is administered concurrently. There is no experience with the use of pravastatin 
together with cyclosporine. Myopathy has not been observed in clinical trials involving small numbers of pa- 
tients who were treated with pravastatin together with niacin. One trial of limited size involving combined therapy 
with pravastatin and gemfibrozil showed a trend toward more frequent CPK elevations and patient withdrawals 
due to musculoskeletal symptoms in the group receiving combined treatment as compared with the raoe 
eee ee gemfibrozil, or pravastatin monotherapy. Myopathy was not reported in this trial (see PRECAU- 
TIONS: Drug Interactions). One patient developed myopathy when clofibrate was added to a previously well 
tolerated regimen of pravastatin; the lapel resolved when clofibrate therapy was stopped and pravastatin 
treatment continued. The use of fibrates alone may occasionally be associated with myopathy. The com- 
bined use of pravastatin and fibrates should generally be avoided. 


PRECAUTIONS 
General: Pravastatin may elevate creatine phosphokinase and transaminase levels (see ADVERSE REACTIONS). 
This should be considered in the differential diagnosis of chest pain in a patient on therapy with pravastatin. 

Homozygous Familial Hypercholesterolemia. Pravastatin has not been evaluated in patients with rare 
ol sre familial hypercholesterolemia. In this oo of patients, it has been reported that HMG-CoA reduc- 
tase inhibitors are less effective because the patients lack functional LDL receptors. 

Renal Insufficiency. A single 20 mg oral dose of pravastatin was administered to 24 patients with varying degrees 
of renal impairment (as determined by creatinine clearance). No effect was observed on the pharmacokinetics 
of pravastatin or its 3a-hydroxy isomeric metabolite (SQ 31,906). A small increase was seen in mean AUC values 
and half-life (t2) for the inactive enzymatic ring iy roxylation metabolite (SQ 31,945). Given this small sample 
size, the dosage administered, and the degree of individual variability, patients with renal impairment who are 
receiving pravastatin should be closely monitored. ; 

Information for Patients: Patients should be advised to report promptly unexplained muscle pain, tenderness 
or weakness, particularly if accompanied by malaise or fever _ ie 

Drug Interactions: /mmunosuppressive Drugs, Gemfibrozil, Niacin (Nicotinic Acid), Erythromycin: See WARN- 
INGS: Skeletal Muscle. wae 

Antipyrine: Clearance by the cytochrome P450 system was unaltered by concomitant administration of 
So: Since pravastatin does not appear to induce hepatic drug-metabolizing enzymes, it is not expected 

hat any significant interaction of pravastatin with other drugs (e.g., phenytoin, quinidine) metabolized by the 
cytochrome P450 system will occur _ 

Cholestyramine/Colestipol: Concomitant administration resulted in an approximately 40 to 50% decrease 
in the mean AUC of pravastatin. However, when pravastatin was administered 1 hour before or 4 hours after 
cholestyramine or 1 hour before mg Fe and a standard meal, there was no clinically significant decrease 
in bioavailability or therapeutic effect. (See DOSAGE AND ADMINISTRATION: Concomitant bre 

Warfarin: In a study involving 10 healthy male subjects given pravastatin and warfarin concomitantly for 6 
ane. bioavailability parameters at steady state for pravastatin (parent compound) were not aitered. Pravastatin 
did not alter the plasma protein-binding of warfarin. Concomitant dosing did increase the AUC and Cmax of 
warfarin but did not produce any changes in its anticoagulant action (i.e., no increase was seen in mean pro- 
thrombin time after 6 days of concomitant therapy). However, bleeding and extreme prolongation of prothrom- 
bin time has been reported with another drug in this class. Patients receiving warfarin-type anticoagulants should 
oe dal prothrombin times closely monitored when pravastatin is initiated or the dosage of pravastatin is 
changed. 

Ciretidine: The AUC .12h, for pravastatin when given with cimetidine was not significantly different from the 
AUC for pravastatin when given alone. A significant difference was observed between the AUC's for pravastatin 
when given with cimetidine compared to when administered with antacid. 

Digoxin: In a crossover trial involving 18 healthy male po iven pravastatin and digoxin concurrently 
for 9 days, the bioavailability parameters of digoxin were not affected. The AUC of pravastatin fended to increase, 
but the overall bioavailability of pravastatin plus its metabolites SQ 31,906 and SQ 31,945 was not altered. 

Gemfibrozil: In a crossover study in 20 healthy male volunteers given concomitant single doses of pravastatin 
and gemfibrozil, there was a significant decrease in urinary excretion and protein binding of pravastatin. In ad- 
dition, there was a significant increase in AUC, Cmax, and Tmax for the pravastatin metabolite SQ 31,906. Com- 
bination therapy with pravastatin and gemfibrozil is generally not recommended. l 

In interaction studies with aspirin, antacids (1 hour prior to PRAVACHOL), cimetidine, nicotinic acid, or pro- 
bucol, no statistically significant differences in bioavailability were seen when PRAVACHOL (pravastatin sodium) 
was administered. l 

Other Drugs: During clinical trials, no noticeable drug interactions were reported when PRAVACHOL was 

added to: diuretics, antihypertensives, digitalis, converting-enzyme inhibitors, calcium channel blockers, beta- 
blockers, or nitroglycerin. l 
Endocrine Function: HMG-CoA reductase inhibitors interfere with cholesterol z Hiko and lower circulating 
cholesterol levels and, as such, might theoretically blunt adrenal or gonadal steroid hormone production. Results 
of clinical trials with pravastatin in males and post-menopausal females were inconsistent with regard to pos- 
sible effects of the drug on basal steroid hormone levels. In a study of 21 males, the mean testosterone response 
to human chorionic gonadotropin was significantly reduced (p< 0.004) after 16 weeks of treatment with 40 
mg of pravastatin. However, the percentage of patients showing a > 50% rise in plasma testosterone after human 
chorionic gonadotropin stimulation did not change significantly after therapy in these patients. The effects of 
HMG-CoA reductase inhibitors on spermatogenesis and fertility have not been studied in adequate numbers 
of patients. The effects, if any, of pravastatin on the pituitary-gonadal axis in pre-menopausal females are unknown. 
Patients treated with pravastatin who display Clinical evidence of endocrine dysfunction should be evaluated 
appropriately. Caution should also be exercised if an HMG-CoA reductase inhibitor or other agent used to lower 
cholesterol levels is administered to patients also receiving other drugs (e.g., ketoconazole, spironolactone, 
cimetidine) that may diminish the levels or activity of steroid hormones. 
CNS Toxicity: CNS vascular lesions, characterized by perivascular hemorrhage and edema and mononuclear 
Cell infiltration of perivascular spaces, were seen in dogs treated with pravastatin at a dose of 25 mg/kg/day, 
a dose that produced a plasma drug level about 50 times higher than the mean drug level in humans taking 
40 mg/day. Similar CNS vascular lesions have been observed with several other drugs in this class. 

A chemically similar drug in this class produced optic nerve degeneration (Wallerian degeneration of 
retinogeniculate fibers) in clinically normal dogs in a dose-dependent fashion starting at 60 mg/kg/day, a dose 
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duced vestibulocochlear Wallerian-like degeneration and retinal ganglion cell chromatolysis in dogs treated 
for 14 weeks at 180 mg/kg/day, a dose which resulted in a mean plasma drug level ama to that seen with 
the 60 mg/kg dose. 

Carcinogenesis, Mutagenesis, “ip alli of Fertility: In a 2-year study in rats fed pravastatin at doses of 
10, 30, or 100 mg/kg very weight, there was an increased incidence of hepatocellular carcinomas in males 
at the highest dose (p < 0.01). Although rats were given up to 125 times the human dose (HD) on a mg/kg 
body weight basis, their serum drug levels were only 6 to 10 times higher than those measured in humans 
given 40 mg pravastatin as measured by AUC. 

The oral administration of 10, 30, or 100 mg/kg (producing plasma drug levels approximately 0.5 to 5.0 times 
human drug levels at 40 mg) of pravastatin to mice for 22 months resulted in a statistically significant increase 
in the incidence of malignant lymphomas in treated females when all treatment groups were pooled and com- 
pared to controls (p <0.05). The incidence was not dose-related and male mice were not affected. 

A chemically similar drug in this class was administered to mice for 72 weeks at 25, 100, and 400 mg/kg 
body weight, which resulted in mean serum drug levels approximately 3, 15, and 33 times higher than the 
mean human serum drug concentration (as total inhibitory activity) after a 40 mg oral dose. Liver carcinomas 
were significantly increased in high-dose females and mid- and high-dose males, with a maximum incidence 
of 90 percent in males. The incidence of adenomas of the liver was significantly increased in mid- and high- 
dose females. Drug treatment also significantly increased the incidence of lung adenomas in mid- and high- 
dose males and females. Adenomas of the eye Harderian gland (a gland of the eye of rodents) were significantly 
higher in high-dose mice than in controls. 

o evidence of mutagenicity was observed in vitro, with or without rat-liver metabolic activation, in the following 
studies: microbial arag tests, using mutant strains of Salmonella typhimurium or Escherichia coli: a tor- 
ward mutation.assay in L5178Y TK +/- mouse lymphoma cells; a chromosomal aberration test in hamster 
cells; and a gene conversion assay using Saccharomyces cerevisiae. In addition, there was no evidence of 
mutagenicity in either a dominant lethal test in mice or a micronucleus test in mice. 

In a study in rats, with daily doses up to 500 mg/kg, pravastatin did not produce any adverse effects on 
fertility or general reproductive performance. However, in a study with another HMG-CoA reductase inhibitor, 
there was decreased fertility in male rats treated for 34 weeks at 25 mg/kg body weight, although this effect 
was not observed in a subsequent fertility study when this same dose was administered for 11 weeks (the 
entire cycle of spermatogenesis, including epididymal maturation). In rats treated with this same reductase 
inhibitor at 180 mg/kg/day, seminiferous tubule degeneration (necrosis and loss of spermatogenic epithelium) 
was observed. Although not seen with pravastatin, two similar drugs in this class caused drug-related testicular 
atrophy, decreased spermatogenesis, spermatocytic degeneration, and giant cell formation in dogs. The clinical 
significance of these findings is unclear. 

Pregnancy: Pregnancy Category X: See CONTRAINDICATIONS. 

Safety in pregnant women has not been established. Pravastatin was not teratogenic in rats at doses up 
to 1000 mer | daily or in rabbits at doses of up to 50 mg/kg dally. These doses resulted in 20x (rabbit) or 
240x (rat) the human exposure based on surface area (mg/meter®). However, in studies with another HMG- 
CoA reductase inhibitor, skeletal malformations were observed in rats and mice. PRAVACHOL (pravastatin 
sodium) should be administered to women of child-bearing potential only when such patients are highly unlikely 
to conceive and have been informed of the potential hazards. If the woman becomes pregnant while por 
PRAVACHOL (pravastatin sodium), it should be discontinued and the patient advised again as to the potentia 
hazards to the fetus. 

Nursing Mothers: A small amount of pravastatin is excreted in human breast milk. Because of the potential 
for serious adverse reactions in nursing infants, women taking PRAVACHOL should not nurse (see 
CONTRAINDICATIONS). 

Pediatric Use: Safety and effectiveness in individuals less than 18 years old have not been established. Hence, 
treatment in patients less than 18 years old is not recommended at this time. (See also PRECAUTIONS. General.) 


ADVERSE REACTIONS 
Pravastatin is generally well tolerated; adverse reactions have ea been mild and transient. In 4-month 
long placebo-controlled trials, 1.7% of pravastatin-treated patients and 1.2% of placebo-treated patients were 
discontinued from treatment because of adverse experiences attributed to study drug therapy; this difference 
was not statistically significant. In long-term studies, the most common reasons for discontinuation were asymp- 
tomatic serum transaminase increases and mild, non-specific pena ata complaints. During clinical trials 
the overall incidence of adverse events in the elderly was not different from the incidence observed in younger 
patients. 
Adverse Clinical Events: All adverse clinical events (regardless of attribution) reported in more than 2% of 
ravastatin-treated patients in the placebo-controlled trials are identified in the table below: also shown are 
ne Doe of patients in whom these medical events were believed to be related or possibly related 
to the drug: 


All Events % Events Attributed to Study Drug % 


Pravastatin Placebo Pravastatin Placebo 

Body System/Event (N=900) (N=411) (N=900) (N=411) 
Cardiovascular 

Cardiac Chest Pain 40 34 0.1 0.0 
Dermatologic 

Rash 40° 11 13 02 
Gastrointestinal 

Nausea/Vomiting 73 71 29 3.4 

Diarrhea 6.2 56 2.0 19 

Abdominal Pain 5.4 69 20 39 

Constipation 40 71 24 BA 

Flatulence 30 36 27 3.4 

Heartburn 29 19 20 0.7 
General 

Fatigue 38 34 19 10 

Chest Pain 37 19 03 0.2 

Influenza 24° 07 0.0 0.0 
Musculoskeletal 

Localized Pain 10.0 90 1.4 15 

Myalgia 2T 1.0 06 0.0 
Nervous System 

Headache 6.2 39 17? 0.2 

Dizziness 33 3.2 1.0 05 
Renal/Genitourinary 

Urinary Abnormality 24 29 0.7 1.2 
Respiratory 

Common Cold 70 63 00 0.0 

Rhinitis 40 41 0.1 0.0 

Cough 26 17 0.1 0.0 





"Statistically significantly different from placebo. 


The following effects have been reported with drugs in this class: 

Skeletal: myopathy, rhabdomyolysis. 

Neurologicai: dysfunction of certain cranial nerves meuding alteration of taste, impairment of extra-ocular 
— facial paresis), tremor, vertigo, memory loss, paresthesia, peripheral neuropathy, peripheral nerve 
palsy. 

Hypersensitwity Reactions:An apparent hypersensitivity syndrome has been reported rarely which has in- 
cluded one or more of the following features: anaphylaxis, angioedema, lupus erythematous-like syndrome, 
pennyeigia rheumatica, vasculitis, purpura, thrombocytopenia, leukopenia, hemolytic anemia, positive ANA, 

SR increase, arthritis, arthralgia, urticaria, asthenia, photosensitivity, fever, chills, flushing, malaise, dyspnea, 
toxic epidermal necrolysis, erythema multiforme, including Stevens-Johnson syndrome. _ 

Gastrointestinal: pancreatitis, hepatitis, including chronic active hepatitis, cholestatic jaundice, fatty change 
in liver, and, rarely, cirrhosis, fulminant hepatic necrosis, and hepatoma; anorexia, vomiting. 

Reproductive: gynecomastia, loss of libido, erectile dysfunction. 

Eye: progression of cataracts (lens opacities), ophthalmoplegia. 

Laboratory Test Abnormalities: Increases in serum transaminase (ALT, AST) values and CPK have been ob- 
served (see WARNINGS) l wee 

Transient, asymptomatic eosinophilia has been reported. Eosinophil counts usually returned to normal sear 
continued therapy. Anemia, thrombocytopenia, and leukopenia have been reported with other HMG-CoA 
reductase inhibitors 
Concomitant Therapy: Pravastatin has been administered concurrently with cholestyramine, colestipol, nicotinic 
acid, probucokand gemfibrozil. Preliminary data suggest that the addition of either Specs or gemfibrozil 
to therapy with lovastatin or pravastatin is not associated with greater reduction in LDL-cholesteroi than that 
achieved with lovastatin or pravastatin alone. No adverse reactions unique to the combination or in addition 
to those previcusly reported for each drug alone have been reported. Myopathy and rhabdomyolysis (with 
or without acute renal failure) have been reported when another HMG-CoA reductase inhibitor was used in 
combination with immunosuppressive drugs, gemfibrozil, erythromycin, or lipid-lowering doses of nicotinic 
acid. Concomitant therapy with HMG-CoA redu inhibitors and these agents is generally not recommended. 
(See WARNINGS: Skeletal Muscle and PRECAUTIONS: Drug Interactions.) 


OVERDOSAGE 
There have been no reports of overdoses with pravastatin. . . 
Should an accidental overdose occur, treat symptomatically and institute supportive measures aS TODO) 
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CONTRACTION INDUCED HYPERTROPHY IN NEONATAL 
RAT CARDIOCYTES 
Thomas B. Johnson*, Paul C. Gillette, FAAP, 
George Cooper IV, Paul J. McDermott. Medical 
University of South Carolina, Division of 
Pediatric Cardiology, Charleston, SC. 
Cardiac hypertrophy is a significant event 
in many children with cardiovascular disease. 
Hypertrophy is associated with spontaneous 
contraction in primary cultures of neonatal 
rat cardiocytes. The mechanisms of cell 
growth were investigated using 10 uM 
verapamil to inhibit spontaneous contraction 
in one group (V) and by electrically 
stimulating contraction at 3 Hz in another 


content (SEM=3%, p<.01) and a 26% increase in 
total RNA content (SEM=10%, p<.02). V cells 
had no significant increase in protein or 
total RNA. 
Myosin heavy chain (MHC) and alpha-cardiac 

actin (ACA) MRNA levels were measured by 

ion to radiolabeled cDNA probes. 
The number of mRNA molecules was calculated 
and normalized to 28S rRNA content. The MHC 
mMRNA/28S rRNA ratio decreased similarly in S 
cells (-44%, SEM=7%) and V cells (-44%, 
SEM=9%). The changes in ACA mRNA/28S rRNA 
ratios in S cells (+7%, SEM=13%) and in V 
cells (-21%, SEM=6%) were also not 
significantly different. Conclusions: 
1) Electrically stimulated contraction of 
neonatal rat cardiocytes induces cell 
hypertrophy. 2) This hypertrophy does not 
require specific increases in contractile 
protein mRNA pools. 


INCREASED FLOW ENHANCES BASAL AND STIMULATED 
RELEASE OF EDRF IN PULMONARY ARTERIES. Thomas M 
Zellers FAAP*, Yiquin Wu, Department of Pediatrics, UT 
Southwestern Medical Center, Dallas, Tx. 

Endothelium-derived relaxing factor (EDRF), an 
endogenous nitrovasodilator, contributes to the control of 
vascular tone. In vitro, increased flow rates increase EDRF 
release. We hypothesized that chronic exposure to 
increased flow might enhance EDRF release further. To 
study this, 7 week old piglets (10-16 kg) were randomized 
to sham thoracotomy + neck incision (SHAM) or left 
pneumonectomy + carotid-jugular fistula (HiFLO). The 
HiFLO model develops a 200-300% increase in right lung 
flow. Basal and stimulated release of EDRF from pulmonary 
artery (PA) and vein (PV) were studied in vitro one wk 
later. In SHAM perfused segments, 2 & 4ml/min flows 
caused detector ring relaxations of 20 & 16%, 
respectively which increased to 37 & 31%, respectively, 
with stimulation by the calcium ionophore A23187. The 
relaxations in HiFLO at 2 & 4mi/min were 70 & 90% 
(P<0.01 compared to SHAM) which increased to 100 & 
94%, respectively with A23187 stimulation (P<0.01 
compared to SHAM). In PA, acetylcholine and thrombin 
stimulated the release of EDRF causing relaxations that 
were greater in HiFLO (100% & 82%, respectively) than in 
SHAM (67 & 56%,respectively; P<0.05). ADP caused 
endothelium-augmented relaxations in P only. These 
increases were not observed in PV. These data suggest 
that chronic exposure to increased flow augments basal 
and stimulated release of EDRF in PA and predicts cellular 
memory for the stimulation and release mechanism. 
Physiologically, these findings may help explain flow- 
induced vasodilation. 
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FREQUENCY DEPENDENT INHIBITION OF VOLTAGE- 
GATED Ca** CHANNELS IN DEVELOPING MYOCARDIUM 
Glenn T. Wetzel’, Fuhua Chen, Thomas S. Klitzner, FAAP. 
Dept. of Pediatrics, Univ. of California, Los Angeles. 

Depolarization-induced activation (opening) of 
sarcolemmal Ca** channels is rapidly followed by 
inactivation (closure) of the channels. The extent of 
recovery from inactivation (return to the pre-activation state) 
is dependent on both time and membrane potential. We have 
compared the frequency dependence of Ca?* channel currents 
amongst isolated fetal (lpr), neonatal (Ineo) and adult (Iipr) 
rabbit cardiac myocytes. Peak Ca** current was measured at 
various stimulation frequencies and normalized to the 
amplitude produced by the initial stimulation (values are 
reported as means +SEM (n=number), temperature 23°C). 
At a holding potential of -80 mV, I,p; was unaffected by 
stimulation frequencies between 0.2 and 1.5 Hz. However, 
Irr and Ingo Were significantly inhibited at higher stimulation 
rates. Ipn, decreased from 99+6% (n=5) of the initial peak 
current at 0.2 Hz to 66+7% (n=5) at 1.5 Hz. Ine, 
exhibited a smaller decrement from 105+3% (n=5) at 0.2 
Hz to 82+4% (n=5) at 1.5 Hz. At a less negative holding 
potential (-40 mV), Ca** current was significantly inhibited 
even at a frequency of 0.2 Hz: lpn, was 41+11% of control 
(n=3), Ingo 3947% (n=5) and Iipr 86+3% (n=6). The 
time and voltage dependent inhibition of Ca** channels was 
in part the result of a prolonged time constant of recovery 
from inactivation of the channels in immature cells. This 
prolonged recovery time may allow the immature heart to 
reduce the intracellular Ca** load and thus minimize diastolic 
dysfunction in the face of the tachycardia associated with 
stress (birth, fever, dehydration). 
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DEMONSTRATION OF a2 ADRENORECEPTOR 
ACTIVITY IN ISOLATED DOG PURKINJE FIBERS. 
Ricardo A. Samson*, and Hon-Chi Lee. Department of 
Pediatrics, Division of Pediatric Cardiology, 
University of Iowa, Iowa City, Iowa. 

To our knowledge, a2 adrenoreceptor effects in the 
heart have not previously been demonstrated. We used 
standard microelectrode techniques to study the 
effects of prazosin (Pra), a selective a1 antagonist, and 
yohimbine (Yo), a selective a2 antagonist, on action 
potential duration (APD), and effective refractory 
period (ERP) in canine Purkinje fibers superfused with 
Tyrode's solution in the presence of norepinephrine 
(NE) 0.5 uM and propranolol (Pro) 0.5 uM and 
stimulated at BCL = 500 ms. NE + Pro lengthened APD 
at 50% (APD50) and 90% (APD90) of repolarization 
from 149.9 + 17.4 and 237.2 + 10.7 (ms, mean+SE, n=4) 
at baseline to 174.1 + 14.8 and 264.1 + 17.9, 
respectively (p<0.05). NE + Pro + Pra (1 uM) decreased 
APD50 and APD90 to 148.2 + 9.7 and 239.1 + 11.7, 
respectively (p<0.05 vs. NE + P ). NE + Pro + Pra + Yo 
(0.1 uM) decreased APD50 and APD90 to 135.0 + 11.5 
and 235.5 + 11.5, respectively (p<0.05 vs. NE + Pro + 
Pra). Purkinje ERP was measured by pacing for 8 beats 
at BCL = 500 ms followed by a single extra premature 
stimulus. NE + Pro increased ERP from 203.6 + 8.6 at 
baseline to 212.2 + 9.2 (ms, n=5, p<0.05). NE + Pro + 
Pra decreased ERP to 194.6 + 7.9 (p<0.05 vs. NE + Pro) 
and NE + Pro + Pra + Yo decreased ERP to 192.4+ 7.9 
(p<0.0005 vs. NE + Pro + Pra). Pra (1 uM) or Yo (0.1 uM) 
alone did not affect APD50, APD90, or ERP 
significantly. Baseline resting membrane potential 
was -88.8 + 3.6 mV (n=5) and did not vary significantly 
between interventions. 

These results represent a novel finding that a2 
adrenoreceptors are present in the heart and have 
important effects on the electrophysiologic properties 
of the His-Purkinje system. 


DEVELOPMENTAL DIFFERENCES IN THE TISSUE 
EXPRESSION OF GUANINE NUCLEOTIDE BINDING 
PROTEINS (G-PROTEINS) IN CANINE HEART. 
S.R.Parikh,MD*,FAAP, T.D.Hodges,MD, R.A.Hurwitz, 
MD,FAAP and R.J.Kovacs,MD, Dept. of Pediatrics, 

Indiana Univ. Hospitals , Indianapolis, IN. 

Specific G-Proteins regulate transmembrane signalling 

responsible for cardiac autonomic nervous system 

control. Previous work in our lab had shown quantitative 
changes in G-proteins after cardiac parasympathectomy in 
adult mongrel dogs. The Gog subunit showed a 50% 
increase following cardiac parasympathectomy. We therefore 
postulated that development of autonomic input may be 
related to expression of membrane G-Proteins. Although 
studies in rodent and avian cardiac tissue demonstrate 
developmental differences in the expression of G-Proteins, 
no study has been done on developing canine heart. 
Cardiac sarcolemmal vesicles (SLV) were prepared from adult 
dogs (controls), 5 -7 days after cardiac parasympthectomy in 
adult dogs & neonatal dogs 1,3 & 7 days after delivery (n=4). 
Density of G-proteins was determined by quantitative 
immunoblotting, followed by autoradiography, and Y- counts 
of regions corresponding to the autoradiographic bands. 
Antibodies used to quantitate G-proteins included antibodies 
directed against: GA common subunit , God, and Gio 3. 
Results are expressed as DPM / ug SLV : 


Gá common Gor 
40 KDa 40 KDa 
Adult 23.649.7 57.1 425.7 
NEONATAL 2341.2 69449 
p value <0.05 <0.05 


Since the level of paraympathetic input to the canine 
ventricle is related to Go expression, the decreased density 
of Go in the neonatal heart may be indicative of the status of 
autonomic innervation in developing canine heart. 


MICRODELETIONS OF CHROMOSOME 22 IN 
PATIENTS WITH CONOTRUNCAL CARDIAC 
DEFECTS. Elizabeth Goldmuntz, MD*, Deborah A. 
Driscoll, MD, Beverly S. Emanuel, PhD. Division of 
Cardiology, The Children’s Hospital of Philadelphia. 
Conotruncal lesions including truncus arteriosus (TA), 
interrupted aortic arch (LAA) and tetralogy of Fallot (ToF) 
occur with high frequency in patients with DiGeorge 
syndrome (DGS). Recent molecular studies of complete 
DGS patients have identified a consistent microdeletion of 
DNA within the proximal long arm of chromosome 22 
(22q11). We hypothesize that patients with isolated 
conotruncal defects may have an equivalent or partial 
microdeletion within this region. To test this hypothesis, 
we evaluated ten patients without DGS, diagnosed with 
TA(4), IAA(1) or ToF(5), using Restriction Fragment 
Length Polymorphism (RFLP) and DNA dosage analysis. 
Lymphoblastoid cell lines were established on each 
patient. Southern blot analyses of genomic DNA obtained 
from these cell lines were performed using 2 probes 
(pR32 and N25) within the DGS critical region (DGCR). 
Deletions of both pR32 and N25 were detected in 3 
patients by dosage analysis. A fourth patient 
demonstrated loss of an allele at pR32. In summary, we 
have detected deletions of 22q11 in 4 of 10 patients with 
conotruncal cardiac defects suggesting that these defects 
share a common embryologic origin with DGS. Studies 
are in progress to determine if patients without deletions at 
these 2 loci have smaller deletions within the DGCR. 
Identification of deletions enables us to accurately assess 
the recurrence risk for the patient and family. 
Characterization of this region will enable us to clone the 
gene(s) potentially important in early cardiac development. 
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IDENTIFICATION OF SPECIFIC NON-COLLAGENOUS 
PROTEINS ASSOCIATED WITH CALCIFIED GLUTARALDE- 
HYDE PRESERVED BOVINE, PERICARDIUM 
Trisha Gura-Gavin PhD , Karen L. Wright MD, 
Arthur Veis PhD, Catherine L. Webb MD, FAAP. 
Division of Cardiology, Children’s Memorial 
Hospital, Northwestern University 
Calcification of glutaraldehyde preserved 
bioprosthetic heart valves (BHV) is the main 
cause of their clinical failure. We hypothe- 
sized that this pathologic process mimicked 
mineralization in normal bone and dentin where 
a tightly regulated cascade of highly acidic 
non-collagenous proteins (NCPs) appears to in- 
duce calcification. Samples of glutaraldehyde 
preserved bovine pericardium were subcutane- 
ously implanted into weanling rats (male, CD, 
Sprague-Dawley, 50-60 gm) to model BHV calci- 
fication. One-day and 60-day calcified ex- 
plants, and non-implanted samples were ana- 
lyzed by an extraction procedure designed to 
isolate tightly bound highly acidic NCPs and 
to prevent proteolysis. Separation by gel 
electrophoresis and staining with Stains-All, 
identified 4 highly phosphorylated NCPs with 
approximate molecular weights of 28, 40, 57, 
and 74 kDa in the 60 day explants. These NCPs 
were absent from extracts of non-implanted 
pericardium and 1 day explants. Western blot- 
ting identified 2 phosphorylated NCPs impor- 
tant in the mineralization of bone: BAG-75 
(75 kDa) and osteonectin (38-40 kDa). We con- 
clude that NCPs are intimately associated with 
calcified implants in the rat subdermal model. 
NCPs may play an important role in BHV calci- 
fication and thus be targets for experimental 
inhibition of this pathologic process. 


EARLY VS LATE REPAIR OF COARCTATION OF THE 
AORTA: VENTRICULAR MASS AND FUNCTION 

*Mark C. Johnson, FAAP, Fernando R. 
Gutierrez, therine M. ong, Charles E. 
Canter, FAAP. Washington University School 
of Medicine, St. Louis, MO. 

The effects of repair of isolated 
coarctation (CO) in infancy (Group 1, N=11, 
mean age of repair=35 days) versus childhood 
(Group 2, N=15, mean age of repair=8 years) 
on left ventricular mass (LVM) and function 
were assessed by echocardiography with each 
group being compared to age and sex matched 
controls. Group 1 and 2 patients had 
similar mean length of follow-up (6.6 vs 5.6 
years), no resting arm-leg systolic blood 
pressure gradients > 20mmHg, and similar 
mean residual narrowing of the descending 
aorta (21 vs 14%) when measured by magnetic 
resonance imaging. Both groups hgd 
increased LVM index (gm/{ht in m} -7) when 
compared to controls (Group 1 m=35.3 vs 
27.9, p<0.02; Group 2 m=43.1 vs 33.0, 
p<0.008); but LVM index in Group 1 was 
significantly less than Group 2 (p<0.03). 
Left ventricular systolic function was 
assessed by determination of shortening 
fraction (SF) and the wall stress/velocity 
of circumferential shortening relationship 
(WS/VCF). Whereas Group 1 SF (0.34 vs 0.36, 
p=0.41) and WS/VCF (p=0.21) were not 
significantly different from controls, Group 
2 SF (m=0.41 vs 0.36, p<0.008) and WS/VCF 
(p<0.05) were greater than controls. 
Adequate CO repair in infancy results in 
decreased residual abnormalities in LV mass 
and function when compared to CO repair in 
childhood. 


DO PULMONARY ARTERIES GROW IN CHILDREN WITH 
TETRALOGY OF FALLOT AND PULMONARY ATRESIA? 
Susan A. Miller*, Sang C. Park FAAP, José A. 
Ettedgui, William H. Neches FAAP. University 
of Pittsburgh, Children’s Hospital. 

Serial angiographic measurements of 
pulmonary artery (PA) size and area index 
(PAI) were made in 44 children with tetralogy 
of Fallot and pulmonary atresia. Patients were 
divided according to the palliation performed 
between PAI calculations: No intervention 
(NI); RV to PA connection (RVPA); systemic 
artery to PA shunt (SH). All patients had 
initial calculation of PAI under 1 year of age 
(median .01 year, range .001-.992), prior to 
any palliative intervention. Follow up 
measurements were available in all 1.3-16.2 
years later (median 4.7), prior to surgical 
repair. There was no significant difference in 
age between these groups at follow up study. 


Group lst Study 2nd Study P 
Age PAI PAI 

NI n=9 .2+.2 100484 88+57 NS 

RVPA n=7 .4+.4* 51433 175+28* <.0001 

SHE n=28 .1+.2* 1394136 2054+130®  <.005 


*p<.01, & NS, between RVPA and SH groups. 

The PAI was significantly higher at follow up 
in patients with a RVPA (p<.005) or SH (p<.05) 
than in those with NI. Significant PA growth 
can be achieved in most patients by 
establishing adequate flow to the true 
pulmonary arteries. This is relevant towards 
obtaining a PA size that would allow complete 
repair. In selected patients a palliative 
right ventricle to pulmonary artery 
connection may be the preferred approach. 


CARDIAC TRANSPLANTATION (TX) FOR 
CONGENITAL HEART DISEASE (CHD): IMPROVED 
SURVIVAL. Steven A. Webber*, Frederick J. Fricker 
FAAP, Lynn A. Cipriani, Pedro J. del Nido, John M. 
Armitage. Dept. of Pediatrics, University of Pittsburgh. 
CHD is currently the most common indication for Tx at 
our institution. Our early experience (2/82-6/88) revealed a 
perioperative mortality of 64% for this group (7/11 with 
CHD vs 2/17 with cardiomyopathy; p=0.01). This mort- 
ality was due mainly to acute donor failure 2° to pulmonary 
artery distortion or high pulmonary vascular resistance. 
This study retrospectively compares the results of Tx for 


CHD to for cardiomyopathy (CAR) since 7/88. 

CHD (n=20) _ CAR (n=18) _p value 
Age at Tx (yrs) 6.1 (0-24) 7.2 (0.9-16.3) N 
Prior stern/thoracotomy 12 2 <0.01 
PVRI (1.U.) 3.3642.56 4.5143.85 NS 
Transpulm. gradient (mmHg) 8.6+5.9 9.949.6 NS 
PA distortion / hypoplasia 10 0 <0.01 


Pre Tx ECMO/assist device 2 (2 survive) 5(3 survive) - 
Post Tx ECMO/assist device 3(2 survive) 3(1 survivor) - 
Perioperative deaths 3 2 NS 
2 1 NS 

uses O in the group were: s (2 early, 
Bon terre apone tep failure (1) & lymphoproliferative 
disease (1). In the CAR group causes of death were: Acute 
donor organ failure (1), respiratory failure (1) & lympho- 
proliferative disease (1). No survivor has residual 

h ion. In the CHD group 3 patients have 

required intervention for residual obstructive lesions 
(coarctation, LPA stenosis and SVC stenosis; each 1 case). 
Conclusions: Perioperative mortality and short term 
survival no longer differ between patients undergoing Tx 
for CHD or CAR. These results have been achieved despite 
the presence of recognised risk factors such as prior 
pulmonary arterial and thoracic surgery, PA distortion or 
hypoplasia, and use of perioperative mechanical support. 
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MANAGEMENT OF THE CRITICALLY RESTRICTIVE 
ATRIAL SEPTAL DEFECT AWAITING INFANT CARDIAC 
TRANSPLANTATION 

Mark M. Boucek FAAP*, Cheryl M. Mathis, Mohammad S. 
Kanakriyeh FAAP, Jorge McCormack FAAP, Steven R. Gundry 
FAAP, and Leonard L. Bailey FAAP 

Loma Linda University Medical Center, Loma Linda, CA 

A restrictive atrial septal defect (ASD) may limit excessive 
pulmonary blood flow by raising total pulmonary resistance, thus 
benefiting patients with functional hypoplastic left heart syndrome. 
However, a critically restrictive ASD will cause increasing 
hypoxemia and death. To define management options, we reviewed 
the outcome of 21 infants awaiting cardiac transplantation with 
evidence for a critically restrictive ASD as evidenced by increasing 
hypoxemia with accelerated transatrial Doppler flow (>2 m/sec). 
The mean age was 39 + 12 days (range 0-60 days). Techniques used 
to relieve restriction were catheterization (16/21) or surgical (4/21). 
One child was able to be transplanted at birth. Atrial septal 
angioplasty with an average effective balloon diameter of 8 mm was 
used in 11/16 cath patients. The pre-angioplasty aortic saturation, 
left atrial pressure, and atrial gradient were 634+18%, 18+7 
mmHg, and 15+5 mmHg respectively; following septal angioplasty 
the values were 89+6%, 12+5 mmHg, and 8+3 mmHg. 
Transeptal puncture was attempted in 6/16 although thwarted in 
4/6 by a thick redundant atrial septum and shallow left atrium. 
Successful angioplasty/septostomy allowed stable hemodynamics for 
an additional 20+15 days (range 2-53 days). Overall mortality was 
33%; 3/16 cath (19%), 3/4 surgery (75%), 1 late (sepsis). 
Pulmonary vascular disease was noted at autopsy in 3/5 patients 
with a critically restrictive ASD presenting at birth. 

We conclude that in neonates awaiting cardiac transplant, a 
critically restricted ASD may develop which increases pretransplant 
morbidity. Atrial septal angioplasty may provide partial relief while 
maintaining the beneficial effects of a restrictive ASD. In contrast, 
surgical septectomy in this setting carries an extremely high risk. 

A severely restrictive ASD may be associated with irreversible 
pulmonary vascular disease. 


A TEN YEAR RETROSPECTIVE STUDY OF POST 
TRANSPLANT LYMPHOPROLIFERATIVE DISORDERS 
(PTLD)IN PEDIATRIC THORACIC ORGAN RECIPIENTS. 
Gerard J. Boyle*, Mari i Alexander S. Knisely, 
John M. Armitage, Frederick J. Fricker, FAAP. Cardiology 
Department, Children’s Hospital, University of Pittsburgh, PA. 


PTLD associated with Ebstein-Barr Virus (EBV) is an 
increasing cause of morbidity and mortality in patients surviving 
transplantation (Tx). Previous studies have shown children to be 
at increased risk for this disease. A retrospective review of PTLD 
in our pediatric thoracic organ Tx recipients was performed. Sixty- 
eight of 86 patients receiving thoracic organ Tx at CHP between 
1/82 and 1/92 survived > 1 month post Tx. These included 52 
heart, 9 heart-lung, 6 double lung and 1 heart-liver Tx recipients. 
Six (8.8%) children developed PTLD 2 to 18 months following Tx. 
Presentation as systemic disease with multisystem organ 
involvement occurred in 4 and as pulmonary nodules alone in 2. 
Concurrent opportunistic infections including CMV pneumonia 
(3), Toxoplasma retinitis and brain abscess (1), and esophageal 
candidiasis (1) occurred in the 4 patients with multisystem organ 
involvement. Three have survived 4 months, 2 years and 5 years 
since diagnosis with no recurrence. All children were treated by 
decreasing immunosuppression. Antiviral agents were used in 4. 
Sixty-one patients (90%) had EBV serology available. Of these, 27 
(44%) were known to be seronegative pre-Tx. Primary EBV 
infection occurred in 7 children: 4 developed PTLD. There was no 
difference in risk of developing PTLD between patients treated 
with induction antithymocyte globulin and maintenance 
cyclosporine/azathioprine/prednisone (3/38) vs FK 506 (3/30). 
Mode or extent of rejection treatment did not correlate with 
increased risk of development of PTLD. We conclude that PTLD 
is a threat to long term survival after thoracic organ Tx. Early 
recognition to allow reduction in immune suppression may 
improve survival. Primary EBV infection within the first 6 months 
after Tx places patients at increased risk for development of 
PTLD. 


OKT3 PROPHYLAXIS IN PEDIATRIC PATIENTS AFTER 
HEART TRANSPLANTATION RE Shaddy FAAP*, EA 
Bullock, NJ Morwessel, DW Hannon, DG Renlund, SV 
Karwande, EC McGough, JA Hawkins. Primary Children's 
Medical Center and University of Utah, Salt Lake City, and 
Children's Hospital Medical Center, Cincinnati, Ohio 

OKT3 is a murine monocional antibody used primarily for 
prophylaxis or treatment of rejection in adults. We report our 
experience with OKT3 prophylaxis in 15 pediatric pts (3 mos 
to 17 yrs old) after heart transplantation. Pts received 0.16 + 
0.1 mg/kg of OKT3 for 12 + 3 days (mean + SD). All patients 
were pre-treated with diphenhydramine, ranitidine and 
acetaminophen. Daily OKT3 levels measured in 6 pts were 
1149 + 511 ng/ml. T cell subsets revealed complete removal 
of CD3 cells from the peripheral circulation during OKT3 
therapy. Other lymphocyte subsets were B1 = 44 + 22%, 
CD2 = 39 + 11%, CD4 = 17+ 5%, and CD8 = 16+ 7%. 
Antibodies to OKT3 developed in 3 pts . All pts also 
received cyclosporine (10.2 + 3 mg/kg/day), steroids, and 
azathioprine. 10 pts (67%) had fever during OKT3 therapy. 
Other symptoms possibly related to OKT3 were rash in 2 pts, 
headache in 2 pts, vomiting and/or diarrhea in 5 pts, and 
pulmonary edema in 1 pt. Two pts developed a transient 
encephalopathy with fever, disorientation, seizures and CSF 
pleocytosis. There were no differences between pts with 
encephalopathy and the other pts with regard to average 
daily OKT3 dose or OKT3 levels. Hospital stay was 16 +5 
days. Only 4 pts (27%) are not receiving chronic daily 
prednisone therapy. CMV infection after transplant 
developed in 2 pts, both of whom received CMV positive 
donor hearts and one of whom died. No rejection occurred 
during OKTS therapy. In the first year post-transplant, pts 
had 4.5 + 2 treated rejection episodes as either diagnosed 
by biopsy or suspected by echocardiogram or physical 
examination. 2 pts died with an actuarial survival of 86% at 1 
and 2 years. We conclude that OKTS can be utilized as 
prophylaxis in pediatric heart transplantation with excellent 
overall survival. Further study is needed to determine the 
incidence of encephalopathy with OKT3. A prospective, 
randomized trial is warranted. 
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ELECTROCARDIOGRAPHIC ABNORMALITIES AND 
MORBIDITY IN PEDIATRIC CARDIAC 
TRANSPLANT PATIENTS 

Jeanny K. Park*, Allan J. Hordof, FAAP, 
Daphne T. Hsu, FAAP, Linda J. Addonizio, 
FAAP. Dept. of Pediatrics, Oregon Health 
Sciences University 


The occurrence of cardiac arrhythmias 
(ARR) may be a marker for morbidity in 
pediatric cardiac transplant (CT) 
patients (pts). Clinical variables 
(rejection frequency (REJ), coronary 
artery disease (CAD), and mortality), 
24hr ambulatory ECGs, and surface ECGs 
were reviewed for 46 pts; age range 
3mos-18 yrs (mean 10.2 yrs) with follow- 
up from 2 mos-5.2yrs (mean 2.0 yrs). ECG 
abnormalities included: RBBB (14), LBBB 
(1), chronic sinus tachycardia (7), 
sinus bradycardia requiring pacemaker 
insertion (3), atrial fib/flutter (3), 
SVT (3), atrial bigeminy (1), VPDs (5) 
and nonsustained VT (6). 100% of 
supraventricular arrhythmias and 67% of 
VT occurred during an episode of cardiac 
rejection. Univariate analysis revealed 
that ARR and REJ were associated with 
both mortality (p<.05) and the 
development of CAD (p<.01). With 
multivariate analysis only REJ was 
significantly associated with mortality 
(p<.01) and CAD (p<.01). The results 
suggest that the occurrence of ARR in 
the pediatric CT pt is a marker for REJ, 
which is related to CAD and mortality. 
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POSTNATAL MATURATION OF THE NEUROPEPTIDE Y 
(NPY) TYPE SYMPATHETIC-PARASYMPATHETIC 
AUTONOMIC INTERACTION IN THE YOUNG CANINE. 
Rodrigo Rios*, FAAP, Adrienne Stolfi, Arthur 
S. Pickoff, FAAP. Department of Pediatrics, 
Tulane University School of Medicine, New 
Orleans, LA. 

Attenuation of the vagal chronotropic 
response (FADE) occurs after right stellate 
stimulation (RSS) in adult dogs and is thought 
to be due to the inhibition of acetylcholine 
release caused by the sympathetic co- 
transmitter NPY. We have shown that in the 
newborn: A) FADE after RSS is inconstantly 
observed, and B) FADE after RSS is less than 
after stimulation of the cervical vagosympa- 
thetic trunk (VST). To characterize maturation 
of this interaction, we studied the effects of 
sympathetic stimulation, (RSS: 5 min at 10 Hz 
and VST: 30-second trains every 2 min) on the 
vagal chronotropic response in 2 groups of 
puppies: a young group (Y) n=10, ages 9.6 + 
3.1 days and an older group (0) n=14, ages 
27.9 + 3.8 days. In group Y, FADE after RSS 
was observed in 6/10 and after VST in 4/9. In 
group O, FADE after RSS was observed in 11/14 
and in none (0/13) after VST. The mean maximum 
percent inhibition after RSS was greater in 
group O (58%) than group Y (41%), p < 0.05. 
The maximum summated inhibition, (a measure of 
vagal inhibition as a function of time), was 
also greater in group O (855 + 353) than in 
group Y (458 + 232), p < 0.05. CONCLUSION: In 
the canine, maturational changes in the NPY- 
type autonomic interaction, critical for 
normal regulation of the heart, can be 
demonstrated within the first month of life. 
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MODULATION OF CARDIAC SYMPATHETIC INNERVATION 
IN AN ANIMAL MODEL OF PROLONGED REPOLARIZATION. 
James L. Christiansen, FAAP*, Lisa A. Linn, Raymond B. 
Runyan, Benet J. Pardini, Donald D. Lund, and Phillip G. Schmid 
Jr., Department of Pediatrics, University of Iowa, Iowa City, Iowa 


Investigators speculate that the Long QT syndrome is related to an 
imbalance of sympathetic activity to the heart. Recent studies in 
the chick embryo have shown that QT prolongation can be produced 
by ablating premigratory nodose placode cells, the precursors of 
sensory innervation to the heart. The mechanism of this effect 
remains unknown. We sought to determine if reciprocal or other 
changes in cardiac sympathetic innervation result from perturbation 
of cardiac sensory innervation. At Hamburger-Hamilton stage 10 
(pre-innervated, unlooped cardiac tube), premigratory areas of surface 
ectoderm in the region of the nodose placode were ablated using a 
portable nitrogen laser tuned to a frequency of 480 nm. After func- 
tional autonomic innervation was established, electrocardiograms 
(ECG) were obtained from ablated embryos (E) and sham-operated 
controls (S). ECGs were analyzed for heart rate (HR) and QT 
interval, with QT interval corrected for HR by the formula QTc = 
QT/(RR)!/2 and averaged for ten complexes. Activity of tyrosine 
hydroxylase (TH) and choline acetyltransferase (CAT)(nmol/g/hr) in 
atrial (A) and ventricular (V) samples was used as an index of sympa- 
thetic and parasympathetic innervation, respectively. 


E(15) 21244 18343 34443 91418 2441.2 
SGD 21845 16443 312+3 165+2.0 59+0.9 
p=NS  p<0.001 = p<0.001 p<0.05 p<0.05 
There were no significant differences between E and S in CAT 
activity for either A or V. Conclusion; Prolongation of cardiac 
repolarization is associated with a decrease in sympathetic 
innervation to the heart. Modulation of sympathetic innervation by 
perturbation of cardiac sensory innervation reflects important 
developmental interactions of cardiac innervation. This data is further 
evidence for a role of abnormalities of sympathetic cardiac 
innervation in the pathogenesis of the Long QT syndrome. 
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FUNCTIONAL IMPACT OF CARDIAC PACING 
ON QUALITY OF LIFE: PREDICTIVE VALUE OF 
EXERCISE TESTING AND CXR 
Jeffrey P. Moak, MD, FAAP*, Se n MD 

Children's National Medical Center, Washington 
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AMIODARONE PROVIDES LIMITED TACHYARRHYTHMIA 
CONTROL IN INFANCY. 
Claudius O. Shuler*, Christopher L. Case, 
Paul C. Gillette. Medical University of 
South Carolina, Division of Pediatric 
Cardiology, Charleston, South Carolina 

Over 4 years, 17 infants (0.5 - 7.6 
months; median 2.2) received amiodarone for 
the treatment of medically recalcitrant, 
life-threatening arrhythmias. aiae 
included reentrant supraventricul 
tachycardia (SVT, 10), atrial SOERA 
tachycardia/atrial flutter (3), junctional 
ectopic tachycardia (1), ventricular 
tachycardia (VT, 2) and SVT/VT (1). An 
average of 2.3 unsuccessful drug regimens 
were used prior to initiation of amiodarone. 
Fifteen of the 17 infants received a loading 
dose of 10 mg/kg/day for 7 to 10 days and two 
received a higher loading dose. Maintenance 
dosing was 5 mg/kg/day in all but two infants 
who were maintained on 10 mg/kg/day. 
Amiodarone, alone or in combination, was 
considered successful in 10/17 infants. In 
only 3/10 infants with reentrant SVT was 
amiodarone considered successful. There were 
no non-cardiovascular side effects, however, 
the tachycardia in two infants with reentrant 
SVT became incessant while on amiodarone. 
Conclusions: Amiodarone appears to be safe 
and effective when used in infants with 
certain tachyarrhythmias. However, in 
contrast to previous reports, it has limited 
effectiveness in the treatment of medically 

resistant reentrant supraventricular 
tachycardia. 
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RADIOFREQUENCY CATHETER ABLATION OF INCESSANT, 
MEDICALLY RESISTANT SUPRAVENTRICULAR 
TACHYCARDIA IN INFANTS AND SMALL CHILDREN 
Christopher L. Case*, Paul C. Gillette, 
Barbara J. Knick, Paul C. Oslizlok, Henry L. 
Blair. Medical University of South Carolina, 
Division of Pediatric Cardiology, Charleston, 
South Carolina 

This study evaluates the efficacy and 
safety of radiofrequency catheter ablation 
(RF) of incessant supraventricular tachycardia 
(SVT) in a group of 6 infants (< 1 yr) and 2 
small children (< 14 kgs). In this group of 8 
patients, the average age was 9 months (range 
1-27 mos) and the average weight was 7 kgs 
(range 4-13.5 kgs). All patients had failed 
amiodarone or IC agents alone or in 
combination prior to ablation. Diagnoses 
included WPW and SVT (4), SVT via a 
unidirectional retrograde accessory connection 
(AC) (3), and atrial ectopic tachycardia (AET) 
(1). In the 7 patients with AC, 4 had single 
left-sided AC, 1 patient had 2 left-sided AC, 
and 2 patients had right and left AC; the AET 
was right sided. The 7 patients had a total 
of 10 RF procedures. RF alone was successful 
in tachycardia ablation in 6 patients, 
including 4 patients who were < 3 mos. RF in 
combination with surgery was successful in one 
patient with dual AC; in the remaining 
patient, RF failed, yet surgery eliminated the 
SVT. There were no complications, and all 
patients are tachycardia free off medications. 

Conclusion: RF of medically resistant SVT 
in selected infants and small children is a 
feasible nonpharmacologic alternative to 
surgical ablation. 


RADIOFREQUENCY ABLATION FOR THE 
TREATMENT OF PERSISTENT JUNCTIONAL 
RECIPROCATING TACHYCARDIA IN CHILDREN 
Parvin C. Dorostkar*, M.D., Michael J. Silka, M.D., 
F.A.A.P., Gerald A. Serwer, M.D., F.A.A.P., Macdonald 
Dick, II, M.D., F.A.A.P. Division of Pediatric Cardiology, 
C.S. Mott Children's Hospital, University of Michigan. 

To evaluate the efficacy of radiofrequency ablation 
(RFA) for the treatment of persistent reciprocating junctional 
tachycardia (PJRT) in children, we reviewed the records of 8 
patients (6 females, 2 males) with this diagnosis who under- 
went electrophysiologic study (EPS) and RFA for an acces- 
sory pathway supporting their tachycardia. All children were 
poorly controlled on more than one medication. Three of the 
8 patients demonstrated clinical and echocardiographic evi- 
dence of cardiomyopathy (shortening fraction 15 - 18%), at- 
tributed to the persistent tachycardia. The children underwent 
EPS at 3.7 - 12.3 years (mean 7.1 years). At EPS, the tachy- 
cardia cycle length ranged from 270 msec to 425 msec (mean 
356 msec). The retrograde effective refractory period ranged 
from 210 msec to 480 msec. The site of the shortest VA 
conduction time was identified as the point for delivery of RF 
energy. This site proved to be effective in 7 of 8 patients. 
The pathway was in the mouth of the coronary sinus os in 3 
patients, right posteroseptal in 1, between the coronary sinus 
and tricuspid valve in 1, just superior to the coronary sinus in 
1, and left posterior in 1. Two to 28 RF applications were 
delivered with successful ablation of the accessory connection 
in all but 1 patient. Follow-up revealed recurrence of the 
tachycardia in 3 of 8 patients. The 3 patients with clinical 
cardiomyopathy demonstrated improved ventricular function 
(SF 27 - 35%). We conclude that RFA provides effective 
treatment for PJRT. Patients with recurrence of their PIRT 
should be considered for repeat ablation. 


REPETITIVE NON SUSTAINED MONOMORPHIC VENTRICU- 
LAR TACHYCARDIA OF LEFT BUNDLE BRANCH BLOCK PAT- 
TERN IN THE YOUNG Craig J. Byrum,FAAP*, Rae- 
Ellen W. Kavey,FAAP, Frank C. Smith,FAAP, Daniel 
A. Kveselis,FAAP, Winston E. Gaum,FAAP. SUNY 
Health Science Center at Syracuse, NY. 

Repetitive monomorphic non sustained ventric- 
ular tachycardia(NSVT)with a left bundle branch 
block(LBBB) pattern (76 beats but<30 sec duration) 
has been encountered in 9 pts. Age at present- 
ation was 0.1 to 15.8 yrs(mean=10.4) and all 
were asymptomatic. None had structural heart 
disease. Sinus rhythm QTc was normal in all and 
NSVT suppressed with exercise in 8 of 9. Frontal 
plane QRS axis in NSVT was 60-105 degrees(mean 
82+17)and NSVT cycle length was 340-500 msec. 
(mean 422456). Electrophysiologic study was 
performed in the 5 older pts. NSVT was sponta- 
neous and was not inducible with programmed 
stimulation. Activation mapping or pace mapping 
indicated the NSVT site of origin to be right 
ventricular(RV)inlet septal in four. Oral 
trials of beta blocker in 4 pts and of Type I 
agents in 2 pts were ineffective. Over a follow 
up without drug therapy of 0.9-9.8 yrs(mean 5.0 
+3.0 SD) NSVT is still present in 3 pts, but 
spontaneous resolution has been noted in 6 sub- 
jects. 

CONCLUSIONS: Repetitive NSVT with LBBB inferior 
axis morphology in the young without heart di- 
sease is a benign arrhythmia which is seen in 
pts without heart disease and is usually asym- 
ptomatic. The mechanism of this NSVT type is 
automatic focus with origin in the high RV sep- 
tum. Conventional antiarrhythmic therapy is not 
effective or needed and spontaneous resolution 
without drug intervention is common. 


SMALLER SINGLE CHANNEL K+ 
CONDUCTANCE IN NEONATAL CARDIAC 
CELLS IS DUE TO DECREASED SUB-STATE 
CURRENT AMPLITUDE 
Fuhua Chen’, Glenn T. Wetzel, William F. 
Friedman, FAAP, Thomas S. Klitzner, FAAP Dept. 
of Pediatrics, University of California, Los Angeles 
We have previously reported that the less 
negative resting membrane potential of immature 
cardiac cells results from an age-related difference in 
the single channel conductance of the inwardly 
rectifying K* (l) channel. However, basic channel 
properties responsible for this difference remain 
unknown. Accordingly, sub-state characteristics of 
the I,, channel were investigated in ventricular 
myocytes isolated from newborn (NB, 2-5 days) and 
adult (AD) New Zealand white rabbits using the cell- 
attached patch clamp technique. In both NB and AD 
cells, the single channel current amplitude was 
dependent on the holding membrane potential. The 
single channel conductance of I,, in NB myocytes was 
20+0.4 pS (mean+SEM, n=15), which was 
significantly smaller than that of AD cells (29.4+0.3 
pS, n=9, p<.01). Three sub-state levels of I, 
channel were observed in seven NB and three AD 
cells. The sub-state conductances for level one and 
level two in NB cells were 6.7+0.1 and 13.4+0.2 
pS), which were significantly lower than those in AD 
cells (9.94+0.1 and 19.8+0.3 pS, p<.01). The 
results demonstrate that smaller sub-state current 
amplitudes, not decreased sub-state number, 
contribute the lower channel conductance in NB 
compared with AD cells. We speculate that the 
difference in sub-state conductance between NB and 
AD may reflect a developmental change in the 
structure of the K* channel. 
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ENDOTHELIUM-DEPENDENT RELAXATIONSINPULMONARY 
ARTERY AND VEIN MAY BE LINKED TO K* CONDUCTANCE. 
Thomas M Zellers FAAP’, Yiquin Wu, Department of Pediatrics, 
UT Southwestern Medical Center, Dallas, Tx 

Acetyicholine (Ach) and bradykinin (Bdk) cause endothelium- 
dependent relaxations (EDRs) in isolated pig pulmonary artery 
(PA) and vein (PV). In pig coronary artery, both agents cause 
EDRs associated with hyperpolarization thought secondary to 
a change in K* conductance and ATP-sensitive K*-channels 
(Karp). We hypothesize that K,;, mediate the EDRs to Ach 
and Bdk in PA and PV via the release of nitric oxide (NO), an 
endothelium-derived nitrovasodilator. Isolated rings of PA and 
PV with (E+) and without (E-) endothelium were studied in 
vitro (N=5-7 for each antagonist). Ach and Bdk caused EDRs 
in PA and PV which were attenuated by L-nitro-arginine (LNA 
10yuM; inhibits NO formation), glybenclamide (GLB 1004M; 
inhibits Karp) and LNA + GLB. High K* (20 mM) abolished the 
EDRs (table shows % relaxation observed to Ach and Bdk) . 
Sodium nitroprusside relaxations were unaltered by LNA, GLB 
or LNA + GLB. These data suggest that EDRs to Ach and 
Bdk, via NO release, may be linked to Karp in PA and PV. 


e+  &- UNA GLB LNA+ K 
GLB 


PA Ach 80+3 0 £57+ 4 53+15 37+6 0 
Bdk 70+7 27+9 54+13° 48+6 37+7 0 


PV Ach 7147 18+6 28+6 19+6 16+4 0 
Bdk 62+8 19+4 34+5 31+8 12+2° 0 


*P<0.05 compared to E+ 
LNA, GLB, LNA + GLB and K* studied in E+ rings 


AMRINONE SIGNIFICANTLY DECREASES ELEVATED 
PULMONARY VASCULAR RESISTANCE IN CHILDREN WITH 
LEFT TO RIGHT SHUNTS Bradley W. Robinson*, 
Madeleen S. Mas, FAAP, Henry Gelband, FAAP. 
Univ. of Miami, Dept. of Pediatrics, Miami, FL 

Children with elevated pulmonary arteriolar 
resistance (PAR) from L->R shunts pose 
difficult management problems. We previously 
demonstrated that Amrinone (Am) decreases 
pulmonary artery pressure (PAP) and PAR in 
children with normal PAR from L->R shunts. To 
determine Am’s hemodynamic effects on patients 
with elevated PAR, we studied 5 children (ages 
3-14 months) with pulmonary artery hypertension 
(PAH=mean PAP >20 mm Hg) and elevated PAR (>4 
Woods Units*M2) from L->R shunts. Cardiac 
catheterization was performed with direct 
measurements made before and 10 minutes after 
(peak Am effect) 3 mg/kg Am bolus into the 
pulmonary artery. Results: 


Control Peak Am As 
Qs (L/min/M2) 2.8+0.5 3.2+1.0 414 
Qp (L/min/M2) 6.4+1.3 9.94+1.8 f55* 
Qp/Qs 2.4+0.8 3.5+1.6 %46 


Q L->R (L/min/M2) 3.7+1.6 6.8+1.9 f84* 
PA mean (mm Hg) 53.8+15 41.6417 +23* 
Ao mean (mm Hg) 64.6+12 61.8+7.7 + 4 
PAR (Woods U-M2) 7.64+2.7 3.74#2.1 451* 
SVR (Woods U'M2) 21.5+3.2 19.3+5.5 410 
PAR/SVR 0.36+0.14 0.21+0.11 4$42* 
Values are mean + SD; *p<0.05 vs. control 

We conclude that in patients with PAH and 
markedly elevated PAR from L->R shunts, Am 
significantly decreases PAR without resulting 
in significant systemic hypotension. This novel 
finding has important therapeutic implications. 


EFFECTS OF MYOCARDIAL EDEMA ON THE LV 
PRESSURE-VOLUME RELATION 

Daphne T. Hsu, MD, FAAP *, Zen-Chung Weng, MD, Alfred 
C. Nicolosi, MD, Paul W. Detwiler, MS, Robert Sciacca, 
EngSci.D, and Henry M. Spotnitz, MD, Dept. of Pediatrics, 
Columbia Univ., New York, New York. 

Myocardial edema (ME) shifts the LV pressure-volume (P- 
V) relation toward smaller chamber volumes, however this 
effect has not been quantitated and its mechanism is unclear. 
Accordingly, heart weight (HW), myocardial water content 
(WC) and LV P-V curves were measured before and after 
perfusion-induced edema in eight isolated, arrested, 
hypothermic, porcine hearts. Coronary arteries were 
perfused at 30 min. intervals with one liter (4°C) of surgical 
cardioplegia solution. Osmolarity of the perfusate was 380 or 
290 mOsm/L. The perfusion sequence was 380-1, 380-2, 
290-1, 380-3. P-V relations were assessed using LV volume 
at a pressure of 10 mmHg (LVV-10) and the ventricular 
chamber stiffness constant, B. Results are summarized: 

Perfusion HW AWC LVV-10 

(g) (%) (ml)  (x10-2) 

Control 212 ż22 80.1 ż 1.4 

380-1 203%22° 798żŁ17 88217 2340.6 

380-2 212422 80.1414 86419 24+ 0.5 

290-1 2744 25*t 85.341.7°t 59421t 2.940.6§ 

380-3 234423°§ 82.440.9°§ 74417 2.74+0.5 

*p<0.05vs.control;tp<0.05vs.380-1,2,3;§p<0.05vs.380-1,2 
Perfusion 380-1 significantly lowered HW vs. control. There 
was no significant difference in HW, WC, LVV-10 or P-V 
curves between the two hyperosmolar perfusions 380-1 and 
380-2. Hypoosmolar perfusion 290-1 significantly increased 
HW and WC and decreased LVV-10 vs. 380-1, 2, and 3. B 
also increased significantly between perfusions 380-1 and 
290-1. Correlation coefficients between decreasing LVV-10 
and increasing HW and WC were r=0.84 and r=0.70. 

We conclude that ME affects the LV pressure-volume 
relation in a predictable and reproducible manner due to an 
increase in ventricular chamber stiffness. 


LACK OF DIRECT NEUROPEPTIDE Y EFFECTS ON 
HEMODYNAMIC AND ELECTROPHYSIOLOGIC PARAMETERS 
IN NEWBORN DOGS. Madeleen Mas, FAAP*, Amelia 
Escobar, Makram Ebeid, FAAP, Henry Gelband, 
FAAP, Dept. of Ped., Univ. of Miami, Miami, FL 
Neuropeptide Y (NPY) is a 36 amino acid 
peptide that is found abundantly in sympathetic 
cardiac nerves. In the adult, NPY produces 
direct vasoconstriction (VC). This study was 
performed to determine whether NPY produces 
similar direct effects in the newborn dog, 
(NBD), METHODS: 14 NBD (age 3-19 days) were 
anesthetized and mechanically ventilated. Vas- 
cular access was obtained by cutdown, Measure- 
ments for mean BP (MBP), pulmonary artery pres- 
sure (PAP), left ventricular end-diastolic 
pressure (LVEDP), heart rate (HR), and cor- 
rected QT interval (QTc) were obtained during 
control and after 50 mcg/kg IV bolus of NPY at 
baseline (BL) and after surgical parasympathe- 
tic denervation (PD), and total denervation 
(TD), (PD + propranolol and phentolamine). 
RESULTS: At BL, NPY significantly increased 
MBP by 24% p < 0.005, and LVEDP by 46% p < 0.05 
while PAP insignificantly increased by only 9%. 
There was no significant change (A) after PD or 
TD. NPY insignificantly prolonged the QTc 
during all manipulations, however the % AQTc 
was significantly decreased from BL to PD and 
increased from PD to TD, p < 0.05. There was 
no A in HR. We conclude that: (1) Unlike the 
adult, in NBD, NPY produces VC by an indirect 
mechanism, (2) NPY produces preferential 
systemic rather than pulmonary VC and (3) NPY 
may affect diastolic function and cardiac 
repolarization, This may have important 
physiologic and therapeutic implications, 
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EVALUATION OF ACUTE AND CHRONIC 
MYOCARDITIS BY POLYMERASE CHAIN 
REACTION (PCR) IN CHILDREN 
Ameeta B. Martin *, Yao-Hua Zhang, Lisa D. Griffin, Debra 
Kearney, Gail Demmler, Sarah Nelson, J. Timothy Bricker, 
James C. Perry, Richard A. Friedman, Edward RB McCabe, 
Jeffrey A. Towbin, Baylor College of Medicine, Texas Children's 
Hospital, Houston, TX. 


The diagnosis of viral myocarditis remains difficult and 
generally depends on clinical and histologic criteria. Viral 
cultures and serology are often unrewarding with low yields. The 
purpose of this study was to analyze the usefulness of PCR in the 
rapid diagnosis of acute/chronic myocarditis and to evaluate 
explanted hearts of patients with dilated cardiomyopathy (DCM). 
We used PCR to analyze myocardial tissue and blood from 
patients with suspected myocarditis, explanted hearts at 
transplantation, or from patients post-transplantation undergoing 
rejection surveillance. Blood and heart obtained at the time of RV 
biopsy for myocarditis (15 pts), explanted hearts (18 pts), post- 
transplant surveillance cardiac biopsies (12 pts), and cardiac 
autopsy specimens (7 pts) were evaluated for the presence of 
enterovirus, cytomegalovirus (CMV), and adenovirus. PCR 
primers were designed using consensus and unique sequences of 
these viral genomes. 7/22 pts (non-transplant) were positive for 
viral genome (2 enteroviral, 5 adenoviral) while 0/18 explanted 
hearts with DCM were positive and 2/12 post-transplant 
surveillance biopsies were positive (1 CMV, 1 adenovirus). PCR 
on all concomitant blood samples for myocarditis were negative. 
1/22 pts had a positive result by viral serology or cultures. 
Disagreement with histopathologic diagnosis occurred in 4/7 
specimens in which amplification of viral genome occurred. 
CONCLUSIONS: PCR (1) is valuable in the rapid diagnosis 
of viral myocarditis; (2) improves the accuracy/sensitivity of the 
diagnosis of myocarditis compared to standard culture/serologic 
and histopathologic methods; and (3) is a useful adjunct to routine 
surveillance methods in post-operative transplant patients. 


DIAGNOSTIC EVALUATION OF ACUTE ONSET CONGESTIVE 
HEART FAILURE IN CHILDREN.*B,Ticho M.D.Ph.D., S. Craw- 
ford M.D., D.W. Benson M.D. Ph.D. and V.R. Zales M.D. Dept. of 
Pediatric Cardiology, Northwestern University, Chicago IL 

Purpose: We reviewed the clinical course of 15 
patients (pts), aged 2 days to 17 years (mean 6.8 yrs) 
with acute onset congestive heart failure (CHF) of less 
than 4 months duration. We examined the diagnostic 
approach used to evaluate the pts and the predictive value 
of these diagnostic modalities for pt outcome. Methods: 
All pts received chest x-ray, ECG, echocardiogram, 
measurement of enteroviral antibody titers, organic and 
amino acids and thyroid hormone. Cardiac catheterization 
and endomyocardial biopsy was performed in 14 pts. 
Besults: No pts were found to have evidence of metabolic 
disease or structural heart disease. All pts received 
inotropic and decongestive therapy. Nine pts recovered, 
six continued to deteriorate clinically and went on to 
require heart transplantation. Seven pts had increased 
complenient-fixing antibodies to coxsackie B or 
echovirus. Five of the nine pts in the recovery group had 
histologic evidence of myocarditis, as did three of the six 
pts in the transplant group. There was a significant 
difference in the mean LV end-systolic diameter measured 
by echocardiography between the recovery and transplant 
groups, 156% of normal (+/-38) vs. 240% (+/-42). 
Age was not a significant factor in outcome, nor was 
cardiac index or wedge pressure. Conclusions: We found 
that a comprehensive evaluation of pts with acute onset 
CHF, that includes cardiac biopsy early in the course of 
disease, is likely to define both a diagnosis and prognosis. 
Biopsy specimens showed evidence of myocarditis in 50% 
of pts, even in those with negative enteroviral antibody 
titers. Patients who have LV end-systolic diameters of 
greater than 200% of normal are less likely to improve 
and more likely to require heart transplant. 


FAMILIAL ENDOCARDIAL CUSHION DEFECTS: 
EXCLUSION FROM CHROMOSOME 21 USING SHORT 
TANDEM REPEAT DNA POLYMORPHISMS. Anthony 
J. Cousineau FAAP*, Val C. Sheffield, Trudy L. Burns, 
Mary Ella Pierpont, and Ronald M. Lauer. University 
of Iowa. 

The association between endocardial cushion defects 
(ECD) and trisomy 21 suggests a gene for ECD resides 
on chromosome 21. This also suggests a gene on 
chromosome 21 may play a role in nonsyndromic 
familial ECD. To test this hypothesis, we analyzed 
short tandem repeat DNA polymorphisms (STRPs) 
from a four-generation family with ECD. Twelve 
affected individuals have ECD ranging from complete 
atrioventricular canal to isolated cleft mitral valve 
and have normal chromosomes. The phenotypes of 
these individuals and their first degree relatives have 
been established at surgery or by echocardiogram. The 
gene appears to segregate as an autosomal dominant 
with incomplete penetrance. DNA was obtained from 
the family and selected primers for STRPs on 
chromosome 21 were used to obtain radioactive- 
labeled, PCR-amplified segments. STRPs were run on 
denaturing acrylamide gels and detected by 
autoradiography. Twelve STRPs were evaluated and 
eight were informative for linkage analysis. We found 
one or more recombinant events for each informative 
marker. Results of pair-wise linkage analysis 
revealed negative LOD scores for all informative 


markers, indicating nonlinkage. 
We conclude that, for each STRP analyzed, the gene 


for ECD is excluded from these chromosome 21 loci. 
Although ECD in Down syndrome is due to trisomy 21, 
our data does not support the existence of a gene on 
chromosome 21 causing ECD in this family. We now 
propose to develop the genetic map for these markers 
which will allow us to carry out multipoint analyses. 
Further analyses with STRPs from other candidate 
loci should enable us to map the gene for endocardial 
cushion defects in this family. 


FATE OF THE ENDOCARDIAL CUSHIONS 
Clifford Chin*, Regina Gandour-Edwards, Sharon 
Oltjen, and Michael Choy, FAAP 
Department of Pediatrics, University of California, 
Davis 

Some investigators have questioned whether the 
endocardial cushions physically contribute to the 
atrioventricular (AV) valves. To determine the fate 
of the AV endocardial cushions in cardiac 
development, we used staining methods for 
extracellular fibronectin, which is abundant in the 
endocardial cushions, and actin, which is abundant 
in the myocytes. White Leghorn chick embryo 
hearts were harvested at Hamburger and Hamilton 
stages 26 to 36 and serial sections of the AV valve 
region were stained. Before AV valve formation, 
fibronectin and actin staining reveal separation 
between the fibronectin-rich endocardial cushions 
and the actin-rich myocardial layer. The developing 
mitral valve leaflets at all the observed stages 
contain a fibronectin-rich matrix but no actin-rich 
myocytes. In contrast, the tricuspid band includes 
both fibronectin matrix and actin-rich cells. We 
conclude that the chick mitral valve leaflets form 
predominantly from the endocardial cushion tissue, 
and the tricuspid band receives contribution from 
both the endocardial cushions and surrounding 
myocardium. 
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EVALUATION OF A NEW COLOR DOPPLER METHOD FOR 
ESTIMATING VENTRICULAR SEPTAL DEFECT FLOW 
Gerard J. Boyle*, José A. Ettedgui, Edward G. Cape. University 
of Pittsburgh, Children’s Hospital. 

Recent reports have shown a correlation between catheter 
derived flows across ventricular septal defects (VSD) and a 
predicted peak flow rate calculated by assuming a symmetric 
proximal isovelocity surface area (PISA) imaged by color Doppler 
(CD). However, consistent overestimations in the magnitude of 
the shunt were observed and have been explained by the fact that 
PISA derived flow rates reflect peak flow, while catheter derived 
indices represent mean flow rates. Other factors inherent to VSD 
flow may be more important: (1) the symmetry of the observed 
PISA is likely to be affected by left ventricular outflow associated 
with systolic ejection, (2) a portion of the flow in the PISA region 
will not pass through the VSD, but will instead pass into the aorta. 
This study examined the contribution of these components to the 
observed overestimations with the intent of deriving appropriate 
correction factors. Shunt flow was determined by catheterization 
and compared to CD derived values in 12 patients aged 1 month 
to 4 years with isolated perimembranous VSD’s. Peak flow 
calculated from maximum PISA radius (long axis view) correlated 
with catheter measured Q, minus Q, (Y =5.77X +0.67, r=0.88). 
Correcting for the time velocity integral of VSD velocity produced 
a mean PISA flow which improved the correlation with the 
catheter measurement (Y =4.14X-0.36, r=0.90) but only slightly 
decreased overestimation. Four dimensionless correction factors 
which take into account skewing of the flow field and competing 
flows were then tested. Two of the four were successful in 
predicting catheter derived flows (VSD/aortic velocity ratio 
p<0.01; PISA area/outflow tract area p<0.05). The other two 
(VSD/aortic momentum and PISA radius/outflow tract diameter) 
were not significant. In conclusion, this study confirms that the 
basic PISA technique correlates with VSD flow, but can only 
quantify this flow if appropriate corrections are made to account 
for ambient conditions. 


ECHO-DOPPLER ALONE PROVIDES INFORMATION NEEDED 
PRIOR TO REPAIR OF AV SEPTAL DEFECTS IN PATIENTS 
UNDER 1 YEAR OF AGE. Thomas M Zellers FAAP*, Robin 
Zehr, Ellen Weinstein FAAP, Steven Leonard, Hisashi Nikaidoh, 
W. Steves Ring, Department of Pediatrics and Thoracic 
Surgery, UT Southwestern Medical Center, Dallas, Tx 

Two-dimensional echo-Doppler (2DE) provides accurate 
anatomic information prior to surgical repair of AV septal 
defects (AVSD). Although RV and PA pressures can be 
estimated by Doppler, pulmonary resistance (Rp) cannot be 
calculated accurately. We recently stopped catheterizing our 
pts with AVSD under one year of age as Rp may not predict 
outcome following surgery. To assess the impact of this 
management decision, we retrospectively reviewed the charts 
of 31 consecutive pts with balanced AVSD who had surgical 
intervention under 1 yr of age between 1988 and 1991. All 31 
had complete repair, 2 had a prior PA band. We assessed the 
accuracy of anatomic detail by 2DE, surgical survival, the 
incidence of pulmonary hypertension (PH = PAp>0.5LVp) 
post-op, hospital stay, days requiring ventilation and inotropic 
support. All had 2DE performed and 17 had catheterization (C) 
(14 in '88 & ‘89). The PA pressure estimated by 2DE 
corresponded to C findings in 16/17. 2DE detected the 
presence of MR in 24 with 4 LV-RA shunts, 7 secundum ASDs, 
and 16 PDAs, 3 of which were not detected at C (0,5 & 30d 
after 2DE). One PDA was missed by 2DE which required a 
second surgery. One pt had additional VSDs which were 
detected by 2DE. 30 pts survived surgery, 1 died late and 1 
needed MVR. 17 pts had PH post-op, 8 of which had pre-op 
cath data; 3 had Rp<4. Of the 9 pts without PH who had pre- 
op cath data, 8 had Rp>4. Comparing 2DE group to C group, 
there was no difference in hospital stay, days on ventilator or 
inotropes (P >0.6). We conclude that pts with AVSD can safely 
undergo surgical repair under 1 yr of age based on 2DE data 
alone without increased morbidity or mortality. 


CARDIOPULMONARY PERFORMANCE DURING EXERCISE 
FOLLOWING REPAIR OF TETRALOGY OF FALLOT WITH 
ABSENT PULMONARY VALVE. Neda Mulla, MD*, 
Stephen M. Paridon, MD, FAAP, Nancy Sullivan, 
William W. Pinsky, MD, FAAP. Cardiology 
Department, Children’s Hospital of Michigan, 
Wayne State University School of Medicine. 
Following repair of tetralogy of Fallot 
(TOF) there is diminished cardiopulmonary 
exercise performance due to right ventricular 
dysfunction, pulmonary insufficiency (PI), and 
obstructive lung disease. Patients (pts) with 
TOF absent pulmonary valve (TOFAPV) often have 
moderate to severe pulmonary compromise and PI 
prior to repair which may further compromise 
their exercise performance. Exercise testing 
(ET) was performed on 8 pts with TOFAPV (6 
with presurgery pulmonary disease). Controls 
were 38 pts with TOF repaired with a 
transannular patch (TP). Pulmonary function 
tests preceded ET. Pts were exercised to 
maximum volition using a 1 minute incremental 
protocol. Oxygen consumption (VO,), minute CO, 
production and minute ventilation were 
monitored continuously. Results: mean + 1 SD: 
Max HR Max VO, Max VO, at AT 


TOF (BPM) (ml/kg/min) (ml/kg/min) Max RER 
APV 176415 2948 22+6 1.18+0.07 
TOF 176415 3247 22+5 1.22+0.1 


Both groups had evidence of diminished vital 
capacity and obstructive airway disease. 
Conclusions: 1) Exercise performance in 
repaired TOFAPV is diminished with both 
cardiovascular and pulmonary limitations. 

2) However, performance is similar to patients 
with repaired TOF using a TP. 
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B-BLOCKADE PRIMARILY IMPROVES SUBMAXIMAL EXER- 
CISE RESPONSES AFTER COARCTATION REPAIR: A 
STRESS ECHO/DOPPLER STUDY. Stephen Cyran 
FAAP*, Marek Grzeszczak, Jean Haas, Howard 
Weber, Marie Gleason FAAP, Barry Baylen FAAP, 
Dept Peds, MS Hershey Med Ctr Hershey Pa 

We previously demonstrated that exercise 
(EX) hypertension(HYPER) following repair of 
aortic coarctation relates to residual aortic 
obstruction(OBS) detected by stress echo/ 
doppler. This study evaluated eight children 
(12.5+1.8yrs) with EX HYPER post coarctation 
repair “prior to(N)" and after "Atenolol ther- 
apy(RX)". All underwent maximal treadmill EX 
(Bruce Protocol)to exhaustion. Descending 
aortic(DA) peak systolic velocity(PSV) was 
measured by CW Doppler at rest(R), submax EX 
(ST1, ST2,ST3), and peak EX. PSV results in 
table (m/sec) (mean+SE) (p<0.05) (*vsN). 

R STI ST2 ST3 PEAK 
N +0.1 3.740.2 4.040.2 4.140.2 4.440.2 
RX +0.2* 3.140.2* 3.54+0.2* 3.840.2* 4.340.2 
The greatest decrease in DA PSV occurred dur- 
ing EX ST1, 15.74+4.5%, vs only 3.0+1.6% at 
peak EX. These reductions corresponded to a 
decrease in systolic blood pressure(SBP) of 
16.14+6.1%, EX STl, vs 9.7+2.8%, peak EX p< 
0.05. Overall decreases in DA PSV throughout 
EX correlated with decreases in SBP, R=0.63, 
p<0.001. 

We conclude that (1)$-Blockade reduces SBP 
during EX via a reduction in "relative" DA 
“obstruction"/flow velocity and (2)this im- 
provement predominantly occurs during sub- 
maximal exercise only. Patients under 
"successful RX" may still require restrictions 
from maximal exertion. 
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GLOBAL DYSFUNCTION IN INFANTS AND CHILDREN 
SYMPTOMATIC FROM EBSTEIN'S DEFORMITY. Roger 
A. Hurwitz, M.D., FAAP, Dept. of Ped. and 
Rad., Indiana University Med. Center, 
Indianapolis, IN. 

The present study was performed to 

investigate global hemodynamics, especially 
left heart function, in symptomatic infants 
and children with Ebstein's deformity. Ten 
pts (age 0.5-17 yrs) underwent radionuclide 
evaluation of anatomy, right ventricular 
ejection fraction (RVEF), phase analysis for 
diastolic filling rate, and estimate of left 
ventricular ejection fraction (LVEF). A 
large right heart was seen in 8 pts, right to 
left shunting was identified in 4 pts, and 
tricuspid regurgitation was diagnosed in 3 
pts by activity in the inferior vena cava. 
Phase analysis showed discordant 
"ventricular" activity in 4/5 pts so 
evaluated. RVEF was abnormal in 6/8 pts with 
technically adequate studies; group RVEF of 
0.44 + 0.15 differed from our normal of 0.54 
+ 0.06 (p 0.001). Left ventricular 
diastolic filling was depressed in 3/6 pts. 
LVEF was abnormal in 7/10 pts; group LVEF of 
0.45 + 0.13 differed from our normal of 0.68 
+ 0.09 (p< 0.001). LVEF decreased in 2/3 
pts studied serially. Of those with LVEF 
< 0.40, 3/5 pts have died. Thus in 
Ebstein's deformity, abnormalities in right 
heart anatomy and function are common. Left 
ventricular systolic and diastolic impairment 
are frequent in symptomatic infants and 
children and may be a major factor in 
morbidity and mortality. 


36 
Relief of Subaortic Stones in yee 
Cardiomyopathy with D ramide 
William M. MD FAAP*, (Phoenix Childrens 


Hosp.)Dudiey C.E.Halpe MD F. and John Stock MD 

Relief of severe subaortic stenosis (SAS) In pts 
with hypertrophic cardiomyopathy has generally required 
surgical myomectomy or mitral vaive replacement. This 
study involves the prospective use of disopyramide 
(DISO) to attempt to relleve the SAS pharmocologically. 

RESULTS: DISO was given to 5 children 
attempting to keep the serum level between 2.5 and 4 
mg/ml. This required doses of 17-20 mg/Kg/day In small 
children and 12-14 mg/Kg/day in older chiidren. In the 
smaller children no effect was seen until Q 6 hr dosing 
was used. 4 of the 5 children (ages 5 mo - 8 yr) 

significantly (SAS from 60 to 13 mmHg) while 

the 5th child (age 14 yr) had only a mild response (SAS 
from 77 to 62mmHg). For the whole group, the post 
treatment gradients (22.5 + 11 mmHg) are greatly 
decreased from the pre treatment gradients (63.8 + 18 
mmHg) (p<0.001). Average followup is 16 mo (2-31 mo). 
The first patient had s SAS reduction from 84 + 13 
mmHg to 7.4 + 3.4 mmHg.Over a 31 mo follow up, her 
septal thickness has gradually decreased from 16 mm to 
13 mm and the LVPW from 1.8 times the mean expected 
to normal. The degree of mitral insufficiency decreased 
to miid In all but the adolescent where It Is now mild to 
moderate. No adverse effects have been seen. 

DISO showed a dramatic effect in reducing the 
SAS in 4 out of 5 children studied. The long term effects 
of this are not known but there is evidence in the one 
long term responder of reduction in LVPW and septal 
hypertrophy. Long term group trials need to be done to 
determine whether there is any effect on the incidence of 
sudden death. 
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PATENT DUCTUS ARTERIOSUS IN THE ADULT - 
CLINICAL MANIFESTATIONS BEFORE AND AFTER 
TRANSCATHETER OCCLUSION 
Margaret Schenck, MD, Achi Ludomirsky, MD, Martin 
O'Laughlin, MD, FAAP, Charles Mullins, MD, FAAP, Texas 

Children's Hospital, Houston, Texas 


Transcatheter closure of patent ductus arteriosus (PDA) 
is an established technique in the pediatric age group. 
The purpose of this study was to describe the clinical, 
catheterization and echocardiographic findings of adults 
with isolated PDA before and after transcatheter occlusion 
(TO). There were 10 women and 4 men, ranging in age 
between 22-76 years (mean 42). Clinical history, physical 
examination, echocardiography and catheterization data 
were reviewed before and after the procedure. Clinical 
follow-up data was obtained by questionnaire. The follow- 
up period ranged from 5-38 months (mean 10.5). The 
patients were divided into 3 groups according to NYHC 
classification. Class 1 - 4 patients, class 2 - 4, class 3 - 6. 
Two patients in class 3 had anginal pain with exertion. 
Chest radiograms were normal in class 1, while 
cardiomegaly and increased pulmonary vascular markings 
were noted in all in class 2 and 3. Cardiac catheterization 
revealed a QOp:Qs ratio of 1.65+.66, 1.51+.23, and 
2.32+1.17, pulmonary resistance of 1.5+.77, 1.24+.39 
and 1.7+.55, respectively in classes 1,2 and 3. Ductus 
size ranged from 2.9 - 6 mm in diameter (mean 4). 
Successful closure was obtained in 11 of 14 patients. The 
3 nonsuccessful attempts had ductus >5 mm; 2 of these 
were calcified. All patients in class 2 and 5/6 patients in 
class 3 had improvement in exercise tolerance. Complete 
relief of anginal pain was observed in 2 patients. 
Conclusion: Transcatheter occlusion of patent ductus 
arteriosus in adults is successful in improving exercise 
tolerance and relieving anginal pain. TO closure may be 
preferable to surgery because of ductal friability in adults. 


TRANSCATHETER OCCLUSION OF ATRIAL SEPTAL 
DEFECTS WITH BUTTONED DEVICE: IMMEDIATE 
RESULTS. 

P. Syamasundar Rao, MD, FAAP’; Allen D. Wilson, MD; 
Patricia Smith, CNS; E.B. Sideris, MD; Paramjeet S. 
Chopra, MD; Department of Pediatrics, University of 
Wisconsin Medical School, Madison, WI. 

During a 25-month period ending January 1992, sixteen 
patients underwent transcatheter closure of secundum 
atrial septal defect (ASD) with a buttoned device (via an #8 
French sheath). The device dislodged in two patients and 
retrieval of the device and surgical closure of the ASD were 
accomplished without complications. In the remaining 14 
patients, aged 7 months to 51 years (median, 4 years), 
weighing 3.6 to 105 kg (median, 18 kg), the closure was 
successful. Three patients were adults whose defects were 
closed to prevent recurrence of paradoxical embolism. In 
the remaining children, the ASD size varied between 5 to 
25 mm (median, 8 mm) by echocardiography and between 
8 to 21 mm (median, 14 mm) by balloon stretched 
measurement. The pulmonary to systemic flow ratios 
(Qp:Qs) were 1.5 to 3.1 (median, 2.1). The devices used 
for closure varied between 25 to 40 mm (median, 35 mm). 
Following device implantation, oximetry revealed no shunts 
in 11 patients and small residual shunts with a Qp:Qs of 1.1 
to 1.2 in the remaining three patients. Echo-Doppler 
studies on the afternoon of device implantation revealed 
decrease (p < 0.02) in right ventricular size from 23 + 6 mm 
(mean + SD) to 17 + 4 mm and reversion back to normal of 
paradoxical ventricular septal motion. Small residual shunts 
by color Doppler were seen in only the three patients with 
oximetry evidence for the shunt. Chest x-ray on the 
following morning, prior to discharge, revealed intact 
devices in all patients. 

Based on these data, it is concluded that transcatheter 
closure of the ASD with buttoned device is feasible, 
effective and safe and can be accomplished via small #8 
French sheaths. 


PEDIATRIC ABSTRACTS 565 


CORONARY ARTERY DISEASE 
IN HURLER SYNDROME 
A Cause of Sudden Unexpected Death Following 
Bone Marrow Transplanation 


Jacquel ine A. Noonan, M.D., FAAP*, William 
O'Connor, M.D., Edward J. Harder, M.D., and 
P. Jean Henslee-Downey, M.D., Department of 
Pediatrics, University of Kentucky 


Although bone marrow transplantation (BMT) 
is an effective treatment to correct the 
metabolic defect in Hurler Syndrome (HS), how 
much of the cardiovascular system involvement 
can be reversed is unknown. Sixteen patients 
with HS have undergone BMT. Cardiovascular 
evaluation prior to BMT revealed thickening of 
the mitral valve with or without mild mitral 
regurgitation and essentially normal left 
ventricular function. None had cardiovascular 
symptoms. Three patients three months to two 
years following BMT had a sudden ventricular 
arrhythmia and could not be resuscitated. The 
two undergoing postmortem (PM) examination, 
ages 17 months and two years, had severe ~ 
coronary artery disease (CAD) and evidence of 
acute myocardial necrosis. 

Although severe CAD is a recognized feature 
of HS, evidence of myocardial ischemia has 
rarely been reported. Coronary arteriography 
has missed or significantly under-estimated 
the degree of CAD subsequently noted at PM. — 
The sudden death of our three young patients 
is disturbing and might suggest that BMT may — 
cause acceleration of CAD in HS patients. 
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CAREER OPPORTUNITIES 





GROUP OPPORTUNITY 


FOR A CARDIOLOGIST 
COMMUNITY: This opportunity for an 
Invasive Cardiologist is located in one of the 
most desirable communities in the Southeast. A 
superb quality of life is offered in this culturally 
and economically diversified city of 40,000 pop- 
ulation. The region’s strong economy is expe- 
riencing additional growth and influx of major 
industries; a population influx of 20,000 in the 
3-county area has occurred in the last 3 years. 
With all its industrial and commercial advan- 
tages, this area still offers a serene atmosphere; 
the sprawling pastures and wooded terrain pro- 
vide outstanding recreational opportunities and 
this area is a haven for people who enjoy clean 
air and country living. An exceptionally wide 
choice of housing is available, ranging from con- 
temporary and traditional new homes to his- 
toric stately antebellum homes. The public 
schools are excellent and numerous private 
school options are available. A highly desir- 
able metropolitan city of 1 million population 
is 30 minutes away and offers access to two 
major medical schools, three large universities, 
numerous colleges, a symphony orchestra, an 
international airport, and many other amenities. 
Additionally, one of the southeast’s most exclu- 
sive shopping malls is only 20 minutes drive 
from this community. 

OPPORTUNITY: This is an opportunity to 
join 2 young Board Certified Cardiologists in a 
busy and well-established private practice set- 
ting. They are the only cardiologists at a 275 bed 
regional referral center which serves a 6-county 
area. They are recruiting an invasive trained 
cardiologist with skills and interest in cardiac 
catheterization. This is an exceptional opportu- 
nity to be the 3rd cardiologist in a group that 
is experiencing phenomenal growth. These 
physicians, working with sophisticated cardiac 
diagnostic equipment and a new Cardiac Cath 
Lab, provide comprehensive care to a service 
population of 225,000. Open-heart surgery and 
angioplasty are referred to the nearby metropoli- 
tan city. A competitive financial package 
includes interview and relocation expenses, 
salary, benefits, vacation, CME, all overhead 
expenses, and partnership offering. 
INTERESTED? Please call Jeff Bohannon at 
1-800-467-4001 or 615-370-0100 and send your 
Curriculum Vitae to: 

JEFF BOHANNON 
THE RESOURCE COMPANY, INC. 
500 WILSON PIKE CIR., SUITE 218 

BRENTWOOD, TENNESSEE 37027 


CHIEFS/DEPT. HEADS 


A University affiliated institution, with a busy 
_| pediatric cardiac surgery service, and presently 
performing 400 pediatric cardiac catheteriza- 
tions per year, invites applications for the posi- 
tion of Chief of the Department of Pediatric 
Cardiology. A full academic appointment is 
available. Interested parties should forward 
their curriculum vitae plus a letter of introduc- 
tion to: Box 1229 American Journal of 
Cardiology, 249 West 17th St. e NY, NY 10011. 


All applications will be treated with the strictest confidence 
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MAINE 


Immediate opportunity for BC/BE car- 
diologist to join a busy solo practice 
affiliated with a 250-bed regional refer- 
ral hospital in Central Maine. Enjoy 
the professional challenge offered in a 
sophisticated medical community, 
along with the wonderful recreational 
opportunities and quality of life in 
Maine. Please send CV to: 

Babette Irwin 
CENTRAL MAINE MEDICAL 
CENTER 
300 Main Street 
Lewiston, Maine 04240 
or call 800-445-7431 


CARDIOLOGIST 


Invasive, Noninvasive or EP — to join busy CD 
group in Upper Midwest city of 700,000. 
Excellent diagnostic facilities, great lifestyle 
location with strong economy. Opportunity for 
academic appointment and teaching. Excellent 
compensation with salary plus production bonus 
first year. Send CV to Greg Peterson, 


THE PETERSON GROUP, INC 
8700 Monrovia * Suite 208 
Shawnee Mission, KS 66215 
Tel: 800-669-4804 
Fax: 913-599-6776 
















FLORIDA 


Invasive/Non-Invasive Cardiologist 


Partnership, associate and group opportu- 
nities available in the following cities: 
PLANTATION * LAKE WORTH * LOX- 
AHATCHEE * LONGWOOD * LEHIGH 
ACRES * CRESTVIEW * MILTON. Each 
offering competitive benefit packages. For 
information contact: 
Dee Dee Ralston 
HealthTrust, Inc. 
4525 Harding Road 
Nashville, TN 37205 
1-800-825-3463 (24 hours) 


COASTAL 
NORTH CAROLINA 


Opportunity for Cardiologist to join 
successful practitioner in rapidly grow- 
ing practice. Strong net guarantee plus 
benefits. 


Call Jim Davis (800) 683-0259 
or fax CV to (804) 626-0651 


THE PAXTON GROUP 
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GUTHRIE 


Guthrie Clinic 


Corning Regional Office 
Cardiologist 


Guthrie Clinic, a growing 240 physician multispecialty group 
with over 30 offices in locations throughout northern Pennsylva- 
nia and the southern tier of New York is seeking a second Board 
Certified/Eligible cardiologist for their Corning Regional Office, 
Corning, New York. Enriched quality of life in beautiful setting 
providing all types of recreational and cultural activities. Excel- 
lent salary and benefit package. Physicians desiring a challeng- 
ing and rewarding practice opportunity are encouraged to 
submit a letter with curriculum vitae to: 


Ray F. Garman, M.D. 
Medical Director 

Guthrie Clinic Ltd. 

Sayre, Pennsylvania 18840 
800-724-1295 


Guthrie Clinic is a member of the Guthrie Healthcare System 
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FACULTY 


ACADEMIC CARDIOLOGIST 
BC/BE 
INVASIVE OR NONINVASIVE 


Position available in a community-based 
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Introduction 


Robert J. Myerburg, mD, and Pedro Brugada, MD 


he results of the Cardiac Arrhythmia Sup- 

pression Trial (CAST) have forced a major 

reconsideration of the indications for antiar- 
rhythmic therapy and the methods of its manage- 
ment. Although the results can be strictly applied 
only to a single population—postmyocardial infarc- 
tion patients with premature ventricular contrac- 
tions—a much greater sensitivity to issues of antiar- 
rhythmic safety and efficacy has emerged. In 
reference to safety, evidence of a lack of excess 
mortality will be demanded for all new drugs and 
new uses of old drugs. After resolution of safety 
issues, more evidence for specific efficacy also will 
be demanded before drugs can be considered 
appropriate for new indications. Although the 
CAST data can be applied with certainty only to 
the study drugs involved, the outcome has rippled 
to other categories of antiarrhythmic drugs, an 


From the Division of Cardiology, University of Miami School of 
Medicine, Miami, Florida (R.J.M.), and the Cardiovascular Re- 
search and Teaching Institute, Aalst, Belgium (P.B.). 

Address for reprints: Robert J. Myerburg, MD, Division of 
Cardiology (D-39), University of Miami Medical Center, P.O. Box 
016960, Miami, Florida 33101. 





z 
M 
f $ 
r : 
v= 


Robert J. Myerburg, MD 


effect that is reflected in a number of meta- 
analyses from previously published smaller random- 
ized trials. 

The initial CAST data were reported at a time 
when new information was emerging on efficacy 
and safety of class IC antiarrhythmic drugs in 
patients with supraventricular arrhythmias and in 
clinical settings other than myocardial infarction. 
For instance, the data base from worldwide experi- 
ence with the use of flecainide for various supraven- 
tricular arrhythmias had demonstrated efficacy and 
suggested that the drug was safe in this clinical 
setting. Subsequently, as flecainide has approached 
its approval from the U.S. Food and Drug Admin- 
istration, the sharing of information on its safety 
and efficacy seemed appropriate. Accordingly, an 
international one-day symposium was held in Nor- 
dwijk, the Netherlands, on August 17, 1991. The 
meeting was convened for two purposes: (1) to 
review formally the current status of the use of 
flecainide for various supraventricular tachyarrhyth- 
mias and to share information and experience on 
safety, tolerance, and efficacy; and (2) to prepare a 
document for publication, presenting the elements 
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of information shared at the meeting in greater 
detail. 

The subjects discussed at the meeting were de- 
veloped to cover broad aspects of the use of flecai- 
nide in supraventricular arrhythmias. In addition to 
observational efficacy data, questions related to 
adverse effects were considered in detail. In regard 
to the latter, the participants were asked to care- 
fully separate clinically significant adverse events— 
the risk of potentially fatal proarrhythmia and 
other major clinical complications—from issues of 
intolerance, defined as drug-related symptoms that 
might limit use, but not place the patient at 
increased risk of morbid or fatal complications. For 
efficacy discussions, data from studies of the use of 
the drug in atrial fibrillation, atrial flutter, and the 
paroxysmal supraventricular tachycardias using re- 
entrant mechanisms were all considered. In addi- 
tion, efficacy data from chronic observational expe- 
riences, testing during electrophysiologic studies, 
and acute use intravenously were presented. 

The articles included in this supplement provide 


detailed information on topics presented and de- 
bated at the meeting. The purpose is to provide a 
single-source document containing information on 
multiple aspects of the use of flecainide in supraven- 
tricular tachyarrhythmias and to share the experi- 
ences of many clinical investigators from the United 
States, Europe, Australia, and New Zealand. The 
organizers and editors have been stringent about 
maintaining objectivity and citing areas in which 
limited data might presently make interpretation 
tenuous. The data suggest that flecainide is highly 
effective for the treatment of many (but not all) 
supraventicular tachyarrhythmias, exhibits good 
tolerance, and appears to be safe in populations 
free of underlying structural heart disease and 
possibly in some patients with underlying heart 
disease other than coronary artery disease. 


Subsequent to this meeting, flecainide received an additional 
indication in the United States for the prevention of paroxysmal 
supraventricular tachycardias and paroxysmal atrial fibrillation and 
flutter associated with disabling symptoms in patients without 
structural heart disease. 
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Short- and Long-Term Efficacy and Safety of 
Flecainide Acetate for Supraventricular 
Arrhythmias 


Stefan H. Hohnloser, mD, and Markus Zabel, MD 


This report summarizes efficacy and safety data 
on the use of flecainide acetate for supraventric- 
ular arrhythmias. For this purpose, 60 original 
articles were identified by a literature search rep- 
resenting data from 1,835 treatment courses. In 
18 trials, flecainide was administered intrave- 
nously; in 19, orally; and in 23, both forms of ther- 
apy were applied. There were 5 placebo-con- 
trolled and 12 comparative studies, whereas data 
from uncontrolled studies were represented in 43 
articles. Short-term flecainide administration ter- 
minated atrial fibrillation in 65% of attempts and 
terminated atrial flutter in 28%. The drug was ef- 
fective during long-term therapy for atrial fibrilla- 
tion in 49% of patients, with similar efficacy rates 
in 11 comparative trials and in 16 uncontrolled 
studies. In randomized, placebo-controlled stud- 
ies in patients with paroxysmal atrial fibrillation, 
flecainide was shown to reduce significantly the 
number of attacks, to prolong the time between 
attacks, and to improve quality of life. In patients 
with atrioventricular (AV) reciprocating tachycar- 
dias, acute drug administration was successful in 
72%; 83% of patients with AV nodal reentrant 
tachycardias and 74% exhibiting arrhythmias as- 
sociated with the Wolff-Parkinson-White syn- 
drome responded acutely. During long-term ther- 
apy, efficacy rates were 70%, 78%, and 69%, 
respectively. Ectopic atrial tachycardia re- 
sponded in 86% and 95% of patients treated with 
flecainide acutely or chronically. Data concerning 
drug-related side effects were available for 1,794 
of 1,835 treatment courses (98%). Overall, 352 of 
1,794 patients (20%) reported at least one non- 
cardiac or cardiac adverse experience. Noncar- 
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diac side effects occurred in 12% of patients, 
most frequently in the gastrointestinal tract or 
central nervous system. Unwanted cardiac reac- 
tions were observed in 8% of patients. Proar- 
rhythmic events consisting of the occurrence of 
new or exacerbation of preexisting atrial tachyar- 
rhythmias were noted in 29 patients (1.6%). Ven- 
tricular proarrhythmia occurred in 34 cases 
(1.9%) All together, worsening of arrhythmia was 
documented in 63 patients (3.5%). Flecainide is a 
thoroughly evaluated and effective new antiar- 
rhythmic compound for use in patients with su- 
praventricular tachyarrhythmias. 

(Am J Cardiol 1992;70:3A—10A) 


uring the last decade, antiarrhythmic drug 
D trials conducted in the United States and 

in Europe have focused primarily on ven- 
tricular arrhythmias. More recently, scientific inter- 
est has shifted toward treatment of supraventricu- 
lar rhythm disorders. Although atrial arrhythmias 
are only rarely life-threatening, they cause signifi- 
cant symptoms and reduce the quality of life of the 
affected patients. Supraventricular arrhythmias are 
often difficult to treat and the treatment effects on 
quality of life have not been adequately addressed. 
Therapeutic options for patients with paroxysmal 
supraventricular tachycardias (PSVT) comprise a 
variety of antiarrhythmic agents, but also an array 
of nonpharmacologic modalities, such as sophisti- 
cated implantable antitachycardia devices! or surgi- 
cal or transcatheter ablation techniques.?> Pharma- 
cologic therapy, however, is still the main 
therapeutic approach to these patients because of 
its apparent convenience. The potential risks of 
antiarrhythmic drug treatment have recently been 
demonstrated in the Cardiac Arrhythmia Suppres- 
sion Trial (CAST), which, in essence, showed a 
2.5-fold increase in mortality among patients treated 
with encainide or flecainide compared with their 
respective placebo control groups.® Although CAST 
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was directed toward arrhythmia prevention in pa- 
tients with ventricular ectopic activity and coronary 
artery disease, the PSVT population often includes 
patients with these disorders, particularly among 
those being treated for atrial fibrillation.’ Thus, the 
potential role of class IC drugs in patients with 
supraventricular arrhythmias cannot be divorced 
from the findings of CAST. 

The purpose of this report is to provide an 
overview of the clinical experience accumulated so 
far with the use of flecainide acetate in the treat- 
ment of various supraventricular arrhythmias. Data 
from uncontrolled studies have been supple- 
mented over the last 2 years by randomized, 


placebo-controlled studies utilizing new diagnostic © 


methods, such as transtelephonic electrocardio- 
graphic monitoring in outpatients.’ Considering 
these data, flecainide acetate is probably the most 
thoroughly evaluated new class I antiarrhythmic 
agent for use in supraventricular arrhythmias. 


METHODS 

The present overview is based on reports from 
the world literature available as of June 1991. It 
was conducted utilizing a review of major medical 


journals for the past 11 years by the Medical 


Literature Service of 3M Pharmaceuticals, United 
States and Germany. Literature entries were se- 
lected by providing key words such as flecainide, 
R-818, PSVT, and atrial arrhythmias. Articles not 

providing an English summary or reporting only 
single case reports were not considered. Articles 
with incomplete data with regard to the nature of 
the arrhythmias treated or the effectiveness in 
various rhythm disorders as well as review articles 
were excluded from this overview. A strong at- 
tempt was made to discard obvious duplications in 
reported studies. For this purpose, published ab- 
stracts were only exceptionally included in the 
analysis when no regular report of the same investi- 
gators could be found. However, overlap in studies 
could not always be avoided since some centers 
published multiple distinct reports. 

As has been recommended by Anderson and 
coworkers,’ 2 independent investigators reviewed 
each report for efficacy and safety data. Efficacy 
was evaluated separately for acute (intravenous) 
drug administration and for chronic flecainide 
therapy in 6 different diagnosis categories (atrial 
fibrillation, atrial flutter, PSVT in the setting of 
preexcitation syndromes, atrioventricular recipro- 
cating tachycardia, atrioventricular nodal reen- 
trant tachycardia, atrial tachycardia). A listing of 
all analyzed reports is provided in the appendix. 


RESULTS 

From > 200 articles identified by the literature 
search, 60 reports, including 54 full-size papers and 
6 abstracts (from the American Heart Association, 
American College of Cardiology, European Soci- 
ety of Cardiology) constitute the basis of the 
present review. The remaining articles were not 
considered, in accordance with the exclusion crite- 
ria Outlined in the Methods section. A total of 
1,835 courses of flecainide treatment were re- 
ported. In 18 trials, the drug was administered 
intravenously and in 19, orally; 23 studies reported 
results with both forms of therapy. Of the 60 
studies, 5 were placebo-controlled, and an addi- 
tional 12 compared the effects of flecainide to 
those of other antiarrhythmic agents in random- 
ized order (digoxin, quinidine, disopyramide, pro- 
cainamide, verapamil, propafenone, cifendine). 
Data from uncontrolled studies were represented 
in 43 reports. 

Efficacy of flecainide acetate in supraventric- 
ular arrhythmias: ATRIAL FIBRILLATION: The larg- 
est number of studies examined the effects of 
flecainide in patients with atrial fibrillation. In 
comparison to individuals with other forms of 
PSVT, patients with atrial fibrillation tended to be 
older and to have organic heart disease more 
frequently. A total of 915 treatment courses were 
analyzed. The acute administration of the drug was 
deemed effective in 363 of 555 patients (65%; 
Figure 1). Efficacy was defined by each individual 
investigator but in the vast majority of trials con- 
sisted of drug-induced termination of the ongoing 
arrhythmia. Long-term efficacy of flecainide could 
be established in 49% of patients. From the 31 
trials, 16 were uncontrolled, 11 were comparative, 
and the remaining 4 were placebo-controlled. Sim- 
ilar efficacy rates were reported for the first cate- 
gory of studies (mean efficacy, 66 + 13%; 304 of 
475 patients) compared with the second (60 + 15%; 
133 of 221 patients). In the 4 placebo-controlled 
studies, efficacy rates of 28-61% were obtained. Of 
particular interest are results reported from the 
Flecainide Supraventricular Tachycardia Study 
Group.*!” These investigators followed a vigorous 
study design (i.e., placebo-controlled, double- 
blind, crossover design) to evaluate the effects of 
flecainide in paroxysmal atrial fibrillation (PAF) 
utilizing transtelephonic electrocardiographic mon- 
itoring for documentation of PAF recurrence. The 
drug was found to prevent, in a dose-dependent 
way, the recurrences of symptomatic PAF. Both 
the time to the first attack of PAF (14.5 days vs 3 
days in the placebo group) and the symptom-free 
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interval between attacks (27 vs 6.2 days) were sig- 
nificantly prolonged. 

ATRIAL FLUTTER: Fifteen studies involving 175 
patients examined the effects of flecainide in pa- 
tients with atrial flutter. Intravenous drug adminis- 
tration was demonstrated to be less effective com- 
pared with atrial fibrillation (39 of 139 [28%]). 
Data concerning prolonged flecainide therapy were 
available in only 36 patients, of whom 18 were 
considered to be responders. 

Paroxysmal supraventricular tachycardia in 
the setting of Wolff-Parkinson-White syndrome: 
Of the patients with Wolff-Parkinson-White syn- 
drome, 295 enrolled in 16 studies received flecainide 
therapy, which was highly successful. Acute admin- 
istration during spontaneous or electrically in- 
duced supraventricular tachycardia stopped the 
arrhythmia in 74% of patients. Long-term therapy 
was considered effective in 69% of cases. 

Atrioventricular reciprocating tachycardia: 
Spontaneous or induced atrioventricular reciprocat- 
ing tachycardia responded in 170 of 236 patients 
during acute flecainide application. Recurrences 
of spontaneous arrhythmia episodes were sup- 
pressed in 69 of 98 patients (70%) in whom this was 
attempted. 

Atrioventricular nodal reentrant tachycardia: 
The reviewed trials included 156 patients with 
atrioventricular nodal reentrant tachycardia. Acute 
and prolonged flecainide therapy yielded similar 
efficacy rates of 83% and 78%, respectively. 

Atrial tachycardia: This rare form of PSVT was 
diagnosed in 58 patients. The highest efficacy rates 
were observed in this particular arrhythmia, 
amounting to 86% during acute and 95% during 
prolonged drug administration. 

Safety of flecainide acetate in supraventric- 
ular arrhythmias: Due to the fact that almost 
exclusively original articles were considered for 
this review, data concerning drug-related side ef- 
fects were available for 1,794 of 1,835 treatment 


FIGURE 1. Efficacy of flecainide in 
various supraventricular arrhyth- 
mias. Numbers indicate patients 
undergoing short- or long-term 
therapy. AF = atrial fibrillation; 
AFLU = atrial flutter; AT = atrial 
tachycardia; AVNRT = AV nodal 
reentrant tachycardia; AVRT = AV 
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TABLE I Side Effect Profile in Patients Treated With Flecainide 
for Supraventricular Arrhythmias 


Patients All 


Side Effects No. atRisk(%) Patients (%) 


Noncardiac 

Cardiac 

Hypotension 

CHF 

Sinus node dysfunction 
BBB 

Proarrhythmia, atrial 
VPB, increase 

VT/VF 

Sudden death 


Total ventricular proarrhythmia 
Atrial + ventricular proarrhythmia 63 


BBB = bundle branch block; CHF = congestive heart failure; VPB = ventricular 
premature beats; VT/VF = ventricular tachycardia/ventricular fibrillation. 


courses (98%). Overall, 352 of 1,794 patients (20%) 
reported at least 1 noncardiac or cardiac adverse 
experience (Table I). Noncardiac side effects oc- 
curred in 12% of patients at risk and consisted 
most frequently of gastrointestinal or central ner- 
vous system side effects. Cardiac unwanted reac- 
tions were observed in 7.8% of patients at risk. 
Hypotension was reported only after intravenous 
flecainide administration and affected 23 patients. 
Particular attention was paid to potential flecainide- 
induced arrhythmia aggravation. Proarrhythmic 
events consisting of the occurrence of new or 
exacerbation of preexisting atrial tachyarrhythmias 
(e.g., “slow” atrial flutter with 1:1 atrioventricular 
conduction, incessant supraventricular tachycar- 
dia) were noted in 29 patients (1.62%). Ventricular 
proarrhythmia was reported in 34 cases (1.9% of 
patients at risk). However, in 15 cases ventricular 
proarrhythmia consisted of increases in ventricular 
premature beats without the occurrence of sus- 
tained ventricular arrhythmias. Considering all 
cases of arrhythmia aggravation irrespective of 
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their clinical relevance, worsening of arrhythmia 
was noted in 63 patients (3.5%). 


DISCUSSION 

Efficacy of flecainide acetate for supraven- 
tricular arrhythmias: The present literature over- 
view demonstrates a high effectiveness of flecainide 
acetate in symptomatic supraventricular arrhyth- 
mias. In 1988, Anderson and coworkers’ also 
summarized the experience with this compound, 
available as of 1987, and found essentially the same 
efficacy rates. Although criteria for drug effective- 
ness varied among individual investigators, the 
overall response of patients with supraventricular 
arrhythmias to flecainide is impressive. Particu- 
larly, atrioventricular nodal reentrant, atrioventric- 
ular reciprocating, and atrial tachycardias re- 
sponded during acute drug testing as well as during 
chronic therapy. Whereas flecainide appeared to 
be less effective in atrial flutter, episodes of atrial 
fibrillation could be terminated by parenteral 
flecainide acetate in 67% of treatment courses. 

The drug appeared to be more effective in 
recent onset compared with atrial fibrillation of 
longer duration.'' During prolonged administra- 
tion, the drug prevented symptomatic recurrences 
of atrial fibrillation in half of the patients. In 
addition to the analysis of Anderson et al,’ the 
increasing number of studies utilizing flecainide 
acetate in patients with atrial fibrillation permitted 
a comparison of the data of comparative versus 
uncontrolled trials. This comparison revealed essen- 
tially the same effectiveness regardless of the study 
protocol used. The effectiveness of flecainide ace- 
tate in atrial fibrillation is at least as high as with 
class IA antiarrhythmic agents such as quinidine or 
disopyramide, which are considered to be the 
traditional prophylactic therapy.” The latter drugs 
are Often ineffective or cause intolerable noncar- 
diac (e.g., diarrhea) and cardiac (e.g., torsades de 
pointes tachycardia) adverse effects.'*-» In a paral- 
lel-design study in 45 patients with PAF, Steinbeck 
et al!6 found the combined therapy of flecainide 
and digoxin to be superior to either digoxin alone 
or the combination of digoxin plus quinidine. 
Adverse effects occurred significantly more often 
with quinidine than with digoxin alone or with 
flecainide. 

Finally, what remained to be determined was 
the evaluation of flecainide’s therapeutic potential 
for long-term control of symptomatic supraventric- 
ular arrhythmias and its effect on quality of life as 
assessed by randomized placebo-controlled trials.’ 
Results of such trials have been published during 


the last 2 years.®!°!” Flecainide could be demon- 
strated to reduce the number of recurrent attacks 
of PAF significantly, to prolong the time interval 
between attacks, and to increase the number of 
patients completely free of symptomatic recur- 
rences compared with placebo treatment. When 
PAF recurred, the average heart rate was signifi- 
cantly lower during flecainide therapy, and the 
incidence of arrhythmia-related symptoms, such as 
palpitations or dyspnea, was reduced, resulting in 
improved quality of life of patients. 

Utilizing a similar study protocol in patients 
with PSVT, the same salutary effects of flecainide 
acetate could be observed.'’ In a third placebo- 
controlled study, the dose range of flecainide 
acetate for effective suppression of PAF/PSVT 
was determined.'? The authors concluded from 
their results that therapy with flecainide acetate 
should be initiated at a dose of 50 mg twice daily. If 
necessary, the dosage could be increased up to 150 
mg twice daily with a dose-dependent increase in 
drug effectiveness. The dosage of 50 mg flecainide 
acetate twice daily was found to be approximately 
equipotent with verapamil 480 mg/day.'* These 
recently published studies support the results of 
previous uncontrolled or only comparative studies 
reviewed in this article. 

Safety of flecainide acetate in patients with 
supraventricular arrhythmias: Safety issues of 
antiarrhythmic pharmacotherapy constitute a ma- 
jor concern, particularly after the CAST.° The 
present literature overview demonstrates that the 
risk of clinically significant adverse cardiac effects 
associated with the use of flecainide acetate in 
supraventricular arrhythmias appears to be small 
but not negligible. From the 1,794 treatment courses 
reporting side effects, atrial proarrhythmic events 
were observed in 29 patients. Some of these pa- 
tients required urgent electrical cardioversion due 
to hemodynamic compromise. Worsening of preex- 
isting Or appearance of new ventricular arrhyth- 
mias during flecainide treatment was observed in a 
total of 34 patients, including the occurrence of 
sustained ventricular tachycardia or fibrillation in 9 
and sudden cardiac death in 4 patients. On the 
other hand, in 15 patients increases in ventricular 
premature beats were the only manifestation of 
proarrhythmia. The clinical relevance of this form 
of proarrhythmia remains uncertain. Thus, consid- 
ering “the worst case,” flecainide-induced atrial or 
ventricular proarrhythmia was documented in 3.5% 
of treatment courses. 

As has been the perception for years, proarrhyth- 
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mic events tend to manifest themselves early dur- 
ing therapy. For example, in the report of Sihm et 
al,’ 7 of the 9 adverse arrhythmogenic events 
occurred within the first 5 days of therapy. Unfortu- 
nately, clinical data of patients with arrhythmia 
aggravation were not provided in all reports. How- 
ever, when such data were given, patients tended 
to have organic heart disease and to be at a more 
advanced age (see below). The exact incidence of 
proarrhythmic events due to therapy with an indi- 
vidual antiarrhythmic drug is probably best as- 
sessed in placebo-controlled, double-blind trials.” 
Thus, in the present review particular attention 
was given to such trials in this regard. In the study 
of Anderson et al,° 3 patients (5%) exhibited atrial 
proarrhythmic effects and 1 patient had ventricular 
fibrillation. However, in this patient the electrocar- 
diogram recorded after resuscitation revealed signs 
of subendocardial ischemia or infarction. In the 
second randomized trial, 3 of 73 patients (4%) 
developed proarrhythmic events: 2 patients with 
incessant supraventricular tachycardia or atrial 
flutter and 1 patient with ventricular tachycardia.'° 
The last patient had coronary artery disease and 
also an old myocardial infarction. None of the 34 
patients in the third prospective trial developed 
proarrhythmic events.!’ 

Since in the CAST a 2.5-fold increase in mortal- 
ity among flecainide- encainide-treated patients 
was observed, the question arises whether this 
drug-related increased mortality risk applies also 
to patients undergoing flecainide therapy for su- 
praventricular arrhythmias. Accordingly, Pritchett 
and Wilkinson?! recently performed a descriptive 
Statistical comparison to evaluate the mortality 
rates of patients treated with flecainide or encain- 
ide for atrial arrhythmias. These authors compared 
the mortality of flecainide-treated patients to that 
of a patient population seen at the research arrhyth- 
mia clinic of Duke University. By means of the 
Kaplan-Meier statistical test, the estimated 6-year 
survival functions of these 2 patient populations 
did not differ significantly. The point estimate of 
1-year mortality was 1.8% (with 95% confidence 
interval [CI] 0.9-3.3) for the Duke population 
compared with 0.5% (95% CI 0.0-2.7) for the 
flecainide group. Utilizing the same statistical ap- 
proach, the point estimate of 1-year mortality for 
patients treated with flecainide or encainide in the 
CAST was 9.1% (95% CI 7.9-11.7). The authors 
concluded from their analysis that there appears to 
be no excess mortality in patients treated with 
flecainide for supraventricular arrhythmias. 


CONCLUSION 

As pointed out by Anderson et al,’ there are 
several limitations of literature review procedures. 
Patient populations are by no means homoge- 
neous, due to variable inclusion or exclusion crite- 
ria. Study end points are selected by each individ- 
ual investigator, making comparisons between 
studies difficult. Finally, side effects are not always 
reported and their clinical importance is judged 
differently by the investigators. Nevertheless, the 
large amount of data summarized in the present 
overview provides some reassurance concerning 
the use of flecainide acetate in patients with 
supraventricular arrhythmias. Particularly over the 
last 2 years, several well-controlled studies have 
demonstrated a high response rate in various often 
difficult to treat supraventricular arrhythmias. Due 
to ineffectiveness or side effects of conventional 
antiarrhythmic drugs, such as class [A agents, these 
symptomatic patients often went untreated or were 
inadequately treated. Flecainide acetate is one of 
the best evaluated and very effective new antiar- 
rhythmic drugs for these conditions. However, in 
planning the treatment of individual patients, the 
risk:benefit ratio has to be determined in each 
individual patient. This is even more mandatory in 
the event of new therapeutic modalities such as 
implantable antitachycardia devices! or new surgi- 
cal? or transcatheter*° ablation techniques. The 
last approach, in particular, permits definite cure 
of many patients with certain forms of supraventric- 
ular arrhythmias, such as tachycardias, in the 
setting of the Wolff-Parkinson-White syndrome.” 
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Maendly R, et al. Am J Cardiol 1986;58:496-498. 
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27. Kim SS, Smith P, Ruffy R. Am J Cardiol 
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Cardiol 1988;62:56D-61D. 29. Vegara G, Furlanello 
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DISCUSSION 

Dr. Pedro Brugada (Aalst, Belgium): Actually, 
the only exception to the efficacy of flecainide is 
atrial flutter, but that is not an exception to the 
problem in the sense that I do not know of any drug 
that is effective in terminating atrial flutter 
acutely—much less in preventing it chronically. Do 
you know of any drug or any reason for it? 

Dr. Stefan Hohnlioser (Freiburg, Germany): I 
do not know of any drug that is particularly 
effective in atrial flutter—maybe sotalol, if you give 
it intravenously, is slightly more effective than the 
28% response rate of flecainide reported here. The 
response is probably 40-50%, at least in our 
experience. I do not know whether you share that 
experience. The reasons for why that is so, I really 
cannot tell you. I have no idea why the efficacy rate 
is so different in this particular form of reentrant 
arrhythmia. 

Dr. Brugada: We have recently studied a new 
class IC drug—actually a combined class IA, B, and 
C—cibenzoline, that slows conduction extremely 
well and at a level I have never seen with other 
drugs. It slows atrial flutter from mean cycle 
lengths of 200 up to 600-700 msec, but does not 
terminate it. 

Dr. J. Herre Kingma (Nieuwegein, The Nether- 
lands): We have comparative data on another class 
III drug, dofetilide, that perfectly terminated atrial 
flutter in 80% of cases. Dofetilide was compared 
with flecainide, which did not show any effect on 
atrial flutter. These data will be published soon. 


Dr. Robert Myerburg (Miami, Florida): For the 
studies that you looked at—the subgroups with 
atrial flutter and atrial fibrillation—I presume that 
when compared to the atrioventricular nodal re- 
entry and Wolff-Parkinson-White syndrome pa- 
tients, they were an older group with lower ejection 
fractions; so when you talk about efficacy and side 
effect profiles, you probably ought to separate 
atrial flutter and fibrillation out as a separate entity 
in the discussion. Did you consider that as you put 
these data together? 

Dr. Hohnloser: I tried to, but it is very difficult, 
simply because those data are inconsistently re- 
ported in the articles. For example, for ejection 
fractions, there were perhaps no more than 2 
articles reporting those data. You are absolutely 
right, patients with atrial fibrillation tended to be 
older in age, but if you separate the subgroups, you 
end up with such small numbers that the analysis is 
not very meaningful. 

Dr. Myerburg: I have 2 points regarding the 
data you presented. You made a very important 
statement regarding the distinction between trou- 
blesome but not life-threatening side effects and 
dangerous side effects. I think you pointed out that 
you could not always tell from the articles what 
people were saying, and I think this needs to be 
emphasized. 

I think it would be useful to separate those side 
effects that were associated with acute intravenous 
dosing versus those with chronic oral therapy 
because they have different meanings. Thus, if you 
consider chronic oral therapy, what were the dan- 
gerous side effects? 

Dr. Hohnloser: The majority—for example, ven- 
tricular proarrhythmic effects—occur during pro- 
longed therapy. However, hypotension occurred 
during intravenous administration only. 

Dr. Myerburg: That is an important distinction 
to make. Also, where do you draw the line between 
ventricular proarrhythmia that is significant and 
ventricular proarrhythmia that is not significant. 
Certainly, sudden death and sustained ventricular 
tachycardia (VT) are significant, but this distinc- 
tion is not so certain for increased premature 
ventricular complexes (PVCs) or the appearance 
of salvos. 

Dr. Hohnloser: There is no question about 
those 2 categories. It is certainly a question concern- 
ing the increase in PVCs, and this has been 
discussed endlessly. I personally would say that if a 
patient, with supraventricular arrhythmia is symp- 
tomatic and acquires new ventricular arrhyth- 
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mias—be it nonsustained VT or very frequent 
PVCs—that is significant. Of course, all the life- 
threatening arrhythmias are, without question, sig- 
nificant. 

Dr. Myerburg: Fine, because when I read your 
abstract you had about a 1.9% ventricular proar- 
rhythmia rate from all the studies, which seemed 
high to me, based on Pritchett’s data and others, 
but I presume you are including everything in 
there. 

Dr. Hohnloser: Correct. That figure includes 
the 15 patients with “simple” increases. 

Dr. Berndt Lüderitz (Bonn, Germany): In your 
world literature survey did you also look for ef- 
ficacy and safety results for the combination of 


flecainide with digoxin, for example, especially in 
paroxysmal atrial fibrillation? 

Dr. Hohnioser: As you are well aware, there is 
one very good study from Munich! comparing the 
effects of flecainide plus digoxin, versus digoxin 
alone, versus digoxin and quinidine. In that partic- 
ular study, involving 45 patients with atrial fibrilla- 
tion, the combination therapy of flecainide plus 
digoxin was most effective and patients were asymp- 
tomatic in terms of extracardial side effects with 
that particular regimen compared with the combi- 
nation of quinidine and digoxin. This is the only 
study of which I am aware that examined combina- 
tion therapies, that is, digoxin plus antiarrhythmic 
agents. 
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Long-Term Safety and Efficacy of Flecainide in 
the Treatment of Supraventricular 
Tachyarrhythmias: The United States 
Experience 


Jeffrey L. Anderson, mD, for the Flecainide Supraventricular Tachyarrhythmia Investigators 


information about long-term safety and effective- 
ness is important for appropriate use of antiar- 
rhythmic drug therapy. We report the results of 
an open-label, long-term (mean, 15 months) ther- 
apy extension for 66 patients with paroxysmal 
supraventricular tachycardia (PSVT) or atrial fi- 
brillation (PAF) in whom short-term therapy in 2 
controlled studies was deemed beneficial by both 
patient and investigator. Follow-up was accom- 
plished by clinic visits and telephone calls. Re- 
sults indicated excellent ongoing tolerance and 
safety. Only 3 (5%) of 66 patients discontinued 
therapy due to possible noncardiac adverse ef- 
fects. Only 5 (7.6%) discontinued therapy due to 
inadequate clinical response. Only 1 discontinua- 
tion was ascribed to a worsening arrhythmia (in- 
creased frequency of sustained PAF). In PSVT 
patients, 75% of months were arrhythmia free; in 
PAF patients, 64% of months were attack free. 
No clinically significant laboratory, electrocardio- 
graphic, or physical abnormalities were ascribed 
to flecainide. Thus, the long-term safety and ef- 
ficacy profile of the drug for treatment of PSVT 
and PAF is encouraging. This promising clinical 
experience is relatively small and so should be 
reinforced by larger patient trials in the future. 
(Am J Cardiol 1992;70:11A-—18A) 


From the University of Utah, Salt Lake City, Utah. This study 
was supported by a grant from 3M Pharmaceuticals, St. Paul, 
Minnesota. 

Address for reprints: Jeffrey L. Anderson, M.D., University of 
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Salt Lake City, Utah 84143. 


mon clinical problem, affecting >2 million 

US citizens. These arrhythmias are often 
symptomatic, accounting for >50% of treated 
rhythm disorders. Of these, atrial fibrillation (AF; 
with or without associated atrial flutter) is the most 
frequently occurring arrhythmia receiving treat- 
ment, followed by paroxysmal supraventricular 
tachycardia (PSVT) and miscellaneous arrhyth- 
mias (such as intra-atrial reentry, ectopic atrial 
tachycardia, and multifocal atrial tachycardia). 
Other than normal sinus rhythm, AF is the most 
common chronic rhythm, affecting 0.4% of the 
adult population,!? 2-4% in those > 60 years old 
(about 1 million US citizens),!* and up to 13% in 
those >70 years old.? AF presents in paroxysmal 
form in 90% of young patients*” and 33-40% of 
hospitalized patients,°* the rest having the chronic 
form of AF. Whereas paroxysmal AF (PAF) affects 
older patients and is more frequently (but not 
always) associated with other clinically evident 
cardiovascular disease, PSVT appears more often 
in younger patients without other associated dis- 
ease. 

These supraventricular arrhythmias are fre- 
quently symptomatic and often interrupt normal 
activity, leading to physical and emotional disabil- 
ity. Because of this, treatment is recommended, 
including antiarrhythmic drug therapy or, in some 
cases, surgery or catheter ablation procedures. 
Drug therapy of supraventricular arrhythmias 
is currently inadequate; drug development and 
clinical trials have in the past focused more on 
ventricular than supraventricular arrhythmias. How- 
ever, the Cardiac Arrhythmia Suppression Trial 
(CAST)*!° has now demonstrated that suppression 
of asymptomatic or mildly symptomatic ventricular 
arrhythmias with class I antiarrhythmic drugs, in an 
attempt to reduce associated cardiovascular risk, 1s 
inappropriate. Thus, antiarrhythmic therapy for 
ventricular arrhythmias is now indicated primarily 


' upraventricular arrhythmias represent a com- 
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for a much smaller patient population, i.e., those 
with life-threatening ventricular arrhythmias; such 
therapy must be carefully selected. In the post 
CAST era, further development of antiarrhythmic 
therapy is turning to the relief of symptomatic 
arrhythmias, which are most frequently of supraven- 
tricular etiology. 

Flecainide, a class IC antiarrhythmic agent de- 
veloped for ventricular arrhythmias,''!* has re- 
cently been applied with promising results to the 
treatment of supraventricular arrhythmias.'*'” In 2 
recently reported controlled trials, flecainide sub- 
stantially reduced attacks of PSVT and PAF by 
3-5-fold, with satisfactory tolerance and safety.'®!” 
However, information about long-term safety and 
efficacy is also important for clinical application of 
antiarrhythmic therapy. Accordingly, an extended, 
long-term outpatient phase was offered to patients 
treated successfully in these studies. This report 
documents the long-term result of treatment in 
these patients, with emphasis on safety aspects. 


METHODS 

Design of parent supraventricular tachy- 
cardia studies: In the present study, long-term 
experience with flecainide therapy was docu- 
mented in patients with paroxysmal supraventricu- 
lar tachyarrhythmias who completed the related 
short-term US studies R-818-065 and R-818-066. 
These identically designed studies have been previ- 
ously reported!®!’ and arrhythmia events were 
documented by the use of transtelephonic electro- 
cardiographic monitoring, with patient-activated 
telephone transmission of live or prerecorded elec- 
trocardiograms as an objective means of document- 
ing symptomatic attacks over long periods of time. 
In these controlled trials, a 3-week, open-label 
dose titration to tolerance phase was followed by a 
double-blind period of flecainide in doses of up to 
200 mg twice a day, or placebo twice a day, 
followed by crossover to the other treatment limb. 
Each blinded period lasted a maximum of 8 weeks 
or until the patient experienced 4 documented 
PSVT or PAF attacks, whichever came first. The 
frequency of attacks during placebo therapy was 
compared with that during flecainide and was 
shown to be substantially reduced for both sub- 
groups of patients with PSVT and PAF.'®!” 

Long-term extension phase study design: A 
long-term extension phase of the 2 related proto- 
cols, R-818—065 and R-818—-066, was carried out at 
15 sites between June 1985 and October 1988. In 
one of these, initial electrophysiologic evaluation 
was undertaken. Otherwise, the protocols were 


identical. This long-term study was an open-label, 
long-term therapy extension for patients who had 
both completed the 16 week, double-blind, placebo- 
controlled parent trial and in whom short-term 
therapy was deemed to be beneficial by both the 
patient and the investigator. During the long-term 
extension study, the dose of flecainide was adjusted 
as needed within a range of 50-600 mg/day, based 
on effectiveness and tolerance. 

The method of follow-up included monitoring 
of patients at monthly intervals by either telephone 
calls or clinical visits. At each assessment, ques- 
tions were directed at clinical arrhythmia suppres- 
sion, flecainide dosage and compliance, concomi- 
tant medications taken, any adverse experiences 
(whether or not drug related), and other significant 
clinical events, for example, need for hospitaliza- 
tion or cardioversion. Follow-up laboratory testing, 
electrocardiography, and physical examination were 
done as deemed necessary by the investigator. 

Study centers and patient entry: Study cen- 
ters and patients were divided approximately 
equally between the 2 supraventricular tachycardia 
substudies; the long-term extension phase for each 
was a Single, identical protocol. The 15 centers 
recruited 66 patients for this long-term extension 
study of tolerance and safety, including 25 with 
PSVT and 41 with PAF (Table I). 

Patient demographics on entry: Patient demo- 
graphic characteristics are summarized in Table II. 
These differed somewhat for the 2 arrhythmia 
groups. Females dominated among PSVT patients, 
and males among those with PAF. PSVT patients 
were younger, mean age 49 years, than PAF 
patients, mean age 56 years. In each group, pa- 
tients had received an average of 4 previous antiar- 
rhythmic drug trials with either inadequate efficacy 
or intolerance. The arrhythmia mechanism was 
documented to be atrioventricular (AV) nodal 
reentrant tachycardia or AV reentrant tachycardia 
in 68% of the PSVT group, with other patients 
either having atrial tachycardia or unspecified 
mechanisms. In the PAF group, 78% had atrial 
fibrillation alone and 20% had a combination of 
atrial fibrillation and atrial flutter; 2% had paroxys- 
mal atrial flutter alone. Coronary artery disease 
was uncommon in the PSVT group but was present 
in 29% of the PAF group. Hypertension was 
present in 28% and 44% of patients, respectively, 
and 32% versus 20% had no other cardiovascular 
disease diagnoses. 

Distribution of drug doses: The distribution of 
drug doses for the 2 arrhythmia groups is shown in 
Figure 1 as the percent of patients on each daily 
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TABLE I Study Centers and Patients 


No. Patients 


Study No. 


No. of Centers Total PSVT 


R-818-065 
R-818-066 
Total 


PAF = paroxysmal atrial fibrillation; PSVT = paroxysmal supraventricular tachycar- 
dia. 


dose increment. Patients may have been on more 
than 1 dose during follow-up and hence counted in 
more than 1 column. Most commonly, patients with 
PSVT were on doses of 200 or 300 mg/day. 
Patients with PAF were distributed most com- 
monly among doses of 200, 300, and 400 mg/day, 
with 300 mg/day being the most common dose. 


RESULTS 

Time of follow-up and dosage change: During 
follow-up, flecainide dosages were changed in sev- 
eral patients because of inadequate efficacy, ad- 
verse experiences, or both. Patients may have had 
more than 1 dosage change and hence may have 
been counted in more than 1 category. As noted, 
changes were more frequent in the PAF group, 
both for inadequate efficacy and for adverse experi- 
ences (Figure 2). Follow-up time during long-term 
therapy was 1-32 months. The mean time of 
follow-up was 15 months for the PSVT group and, 
similarly, 14 months for the PAF group. 

Therapy status at the end of follow-up and 
reasons for discontinuation: At study end in 
October, 1988, 72% and 61% of patients with 
PSVT and PAF, respectively, were continuing to 
receive flecainide therapy (Table III). The reasons 
for discontinuation from the study in the other 


each dose interval. (Patients may 
have been on more than one dose 
during follow-up and hence been 
counted more than once.) 


® 
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TABLE II Patient Demographic Characteristics 


PSVT (n = 25) PAF (n = 41) 


Sex (M/F) 

Mean age + SD (yr) 

Previous no. antiarrhythmic drugs 
Arrhythmia mechanism 


9/16 
49 + 16 
4.1+2.4 

68% AVNRT 
or AVRT 
12% AT 


20% other, 
unspecified 


29/12 
56+ 14 
3.9+ 1.6 
78% AF 

20% AF/AFL 

2% AFL 


Structural disease 

Coronary artery disease 4% 

Hypertension 28% 
32% 

AF = atrial fibrillation; AFL = atrial flutter; AT = atrial tachycardia; 
AVNRT = atrioventricular nodal reentrant tachycardia; AVRT = artioventricular reen- 


trant tachycardia; PAF = paroxysmal atrial fibrillation; PSVT = paroxysmal supraven- 
tricular tachycardia. 


None 


patients are also shown. Overall, only 5 of the 66 
patients discontinued due to an inadequate or 
worse response, all in the PAF group. One PAF 
patient discontinued because arrhythmia duration 
increased, although rate was slower. Only 3 of 66 
patients discontinued due to possible noncardiac 
adverse experiences. Drug therapy was discontin- 
ued because of other definitive treatment in 2 
PSVT patients or 8%. Two patients in each group 
were lost to follow-up; 2 PSVT and 4 PAF patients 
left for personal reasons, and 3 PAF patients were 
discontinued because of noncompliance or other 
reasons. 

Discontinuation due to inadequate response or 
arrhythmia worsening occurred in 5 PAF and no 
PSVT patients, for an overall rate of 7.6% during a 
mean time of follow-up on drug of 14 months. 

Long-term drug efficacy: In PSVT patients, 
75% of 367 patient-months of follow-up were free 
of attacks (Figure 3); 9% of months included only 1 
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FIGURE 2. Frequency and reasons for changes in flecain- 
ide dosage during follow-up for patients with paroxysmal 
supraventricular tachycardia (PSVT, dark bars) or paroxys- 
mal atrial fibrillation (PAF, light bars). Mean follow-up was 
15 months for the PSVT group and 14 months for the PAF 
group. (Patients may have had more than one dosage 
change and hence may have been counted in more than 
one category.) 


attack, 5%, 2 and 3 attacks each, and 6% of months 
had >4 attacks. Of the 506 patient-months of 
follow-up in the PAF group, 64% were attack free 
(Figure 4); 13% of months had 1 PAF attack, 9%, 2 
attacks; 5%, 3 attacks; and 9% had > 4 attacks. 

Although these efficacy observations were un- 
controlled, they indicate a high percentage of 
patient-months with 0 or 1 attack in both patient 
groups, suggesting an excellent symptomatic re- 
sponse. It should be noted that at least 2 attacks in 
a l-month period were required for entry into the 
study. 

Cardiac and noncardiac adverse effects re- 
ported during follow-up: The | cardiac adverse 
experience leading to discontinuation occurred in a 
65-year-old man with PAP. Drug therapy included 
flecainide, 100 mg twice daily, and digoxin. Two 
months into long-term therapy, he complained of a 
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Number of PSVT Attacks/Month 
Total Patient Months= 367 


FIGURE 3. Distribution of the number of paroxysmal su- 
praventricular tachycardia (PSVT) attacks per month 
(given as the percentage of patient-months monitored for 
each attack frequency) for the 25 PSVT patients. 








TABLE Ili Final Patient Status 


Status at End of Study* PSVT (n= 25) PAF (n = 41) 


Therapy ongoing (18) 61% (25) 


Discontinued due to 
Inadequate response (0) 10% 
Arrhythmia worse (0) 2% 


Adverse experience (1) 5% 


Therapy no longer needed (2) 0% 
Lost to follow-up (2) 5% 
10% 
Noncompliance, other (0) 7% 


Personal reasons (2) 


*Mean time on drug: 14 months 
PAF = paroxysmal atrial fibrillation; PSVT = paroxysmal supraventricular tachycar- 
dia. 


3-week experience of more sustained, although 
slower, PAF. The investigator concluded that this 
represented an inadequate response to flecainide, 
and that the increased duration, although reduced 
frequency, might be described as arrhythmia wors- 
ening. This experience was classified by 3M Phar- 
maceuticals as a potential proarrhythmic response. 
There were 3 discontinuations due to possible 
noncardiac adverse experiences. One PSVT pa- 
tient discontinued after almost a year of therapy 
because of a complaint of forgetfulness and mem- 
ory loss. These symptoms did not resolve and 
flecainide was restarted 1 week later. A PAF 
patient discontinued after almost 2 years of ther- 
apy because of constipation. The relationship to 
drug is not clear. Another PAF patient discontin- 
ued after 28 days because of impotence. This 
complaint was still present 1 month later, and the 
investigator indicated on case review that the 
adverse experience was unrelated to treatment. 
The incidence of any adverse experience during 
long-term therapy is summarized in Table IV for 
categories in which > 10% of patients with PSVT 
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FIGURE 4. Distribution of the number of paroxysmal atrial 
fibrillation (PAF) attacks per month (given as the percent- 
age of patient-months monitored for each attack fre- 

quency) for the 41 PAF patients. 
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or PAF registered complaints. Any complaint was 
registered by 76% of patients in each arrhythmia 
group during follow-up. Visual abnormalities, in- 
cluding blurred vision or difficulty in accommoda- 
tion, particularly on lateral gaze, was the most 
frequent specific complaint in each group. Dizzi- 
ness was an associated symptom in 34% of patients 
with PAF. Headache and asthenia were noted by 
10-15% of patients with PSVT. Constipation, impo- 
tence, and palpitations were more commonly ob- 
served in those with PAF. Because the study was 
not placebo controlled, it is difficult to be certain 
what percentage of these adverse complaints was 
due to study drug, particularly for complaints other 
than visual abnormality and dizziness. 

Concomitant antiarrhythmic drug therapy and 
possible drug interactions: Several patients re- 
ceived concomitant medications to assist in manag- 
ing their supraventricular arrhythmias, including 4 
in the PSVT group and 11 in the PAF group. For 
PSVT, 2 received verapamil for acute termination 
of attacks, and 2 received atenolol or digoxin for 
assistance in long-term suppression. In the PAF 
group, 5 received acute therapy for termination of 
attacks, including disopyramide, verapamil, dilt- 
iazem, procainamide, or propranolol. Six received 
additional concurrent chronic therapy on a daily 
basis, including quinidine, diltiazem, propranolol, 
disopyramide, or atenolol. 

Only 1 adverse drug interaction was described. 
This patient received, in addition to flecainide 200 
mg twice daily, verapamil 80 mg twice daily for 
hypertension. The effect noted was a rather dra- 
matic increase in PR interval from 0.22 sec at 
baseline and on flecainide, which is mildly pro- 
longed, to 0.44 sec on the combination of flecainide 
and added verapamil. Later, PR interval returned 
to the range of 0.25-0.30 sec during follow-up 
without verapamil. The patient was asymptomatic. 

Other significant clinical events during follow- 
up: Other clinically significant events included the 
requirement for direct current cardioversion in 3 
PAF patients to terminate attacks of atrial fibrilla- 
tion. Cardioversion was used once in 2 patients and 
twice in 1 patient. All 3 patients continued on 
flecainide. 

Clinical and laboratory testing results: Clini- 
cal laboratory testing was frequently performed 
during follow-up at the investigator’s discretion. 
No laboratory abnormalities ascribed to flecainide 
were observed. Leukopenia occurred in 1 patient 
after 5 months on flecainide, and flecainide was 
temporarily discontinued. After resolution of leu- 





TABLE IV Long-Term Adverse Experience: Incidence and 
Common Complaints (> 10%) 


Complaint PSVT (n = 25) PAF (n = 41) 


Any (overall) 
Vision abnormal 
Dizziness 
Headache 
Asthenia 
Constipation 
Impotence 
Palpitation 


PAF = paroxysmal atrial fibrillation; PSVT = paroxysmal supraventricular tachycar- 
a. 


kopenia, flecainide was restarted after 10 days. No 
recurrence was observed, and leukopenia was as- 
cribed to a viremia. 

Electrocardiographic testing was also frequently 
performed during follow-up at the investigator's 
discretion. No patient discontinued flecainide due 
to electrocardiographic changes. In 1 patient, a 
note was made that an intraventricular conduction 
delay and first-degree AV block had occurred at 6 
months that was believed to be related to drug 
therapy. Therapy was continued, nonetheless. 

At clinic visits, physical examinations revealed 
no abnormal findings, including vital signs and 
heart sounds, that were ascribed to flecainide. 


COMMENTS 

This 15-month follow-up study of chronic ther- 
apy for PSVT or PAF showed flecainide to be well 
tolerated and safe and to be associated with contin- 
ued arrhythmia control in a cohort of 66 patients 
selected for favorable initial drug tolerance and 
efficacy. 

Long-term flecainide tolerance and safety: In 
the absence of a placebo control limb, it is espe- 
cially difficult to judge the contribution of a drug to 
common adverse somatic complaints during long- 
term follow-up. Only 3 of 66 patients discontinued 
flecainide due to possible noncardiac adverse ef- 
fects. On review, none of these 3 were believed to 
be likely caused by flecainide. No serious cardiac 
adverse effects were observed during long-term 
follow-up. The 1 reported adverse experience con- 
sisted of a complaint of more sustained, although 
slower and less frequently occurring, PAF and was 
classified as a potential proarrhythmic effect of 
drug. 

In comparison, complaints were registered dur- 
ing a 2-month placebo therapy in these patients 
(during the short-term phase) in 38% of PAF and 
36% of PSVT patients,!®!? compared with 58% 


A SYMPOSIUM: SUPRAVENTRICULAR ARRHYTHMIAS 15A 


and 63% of patients on flecainide, respectively. 
Thus, it appears likely that about 63% of these 
complaints are unrelated to the drug. Visual abnor- 
malities, typically presenting as difficulty in accom- 
modation on lateral gaze and dizziness, or both, 
are well-known potential side effects of flecainide 
in patients with ventricular!!.!2.!8 or supraventricu- 
lar -17 arrhythmias, and likely related to flecainide 
therapy in perhaps 67% of cases reported by 
patients, as assessed by placebo comparisons.!”!8 
For other common adverse complaints, an associa- 
tion with drug seems much less likely. No unusual 
or unexpected adverse effects that might be drug- 
related were noted in this long-term extension 
study. 

Flecainide was also associated with excellent 
cardiac safety. Only 1 discontinuation was ascribed 
to a worsening arrhythmia, as already mentioned. 
Of note, the potential for flecainide to increase 
intraventricular conduction delay was seen in 1 
patient, but the patient was asymptomatic and did 
not require a change in therapy. 

Long-term flecainide efficacy: Flecainide was 
associated with excellent efficacy, as was evident 
from high rates of attack-free months: 75% of 
months of PSVT patients and 64% of months of 
PAF patients were attack free. These data are 
consistent with the short-term response rates, which 
documented a median increase in interevent inter- 
vals from 11 days to >55 days in the PSVT group 
and 6-27 days in the PAF group.!®!’ Only 5 (7.6%) 
of the 66 patients discontinued flecainide during 
the 15 month mean follow-up due to clinically 
inadequate response; all had PAF, a more difficult 
arrhythmia to suppress. 

Concomitant medications: [n clinical practice, 
combinations of cardiovascularly active drugs are 
often required, especially in patients with common, 
associated diseases such as hypertension. Also, 
many patients may require more than | antiarrhyth- 
mic drug, including a drug for rate control in 
patients with occasional episodes of PAF despite 
treatment. Experience with concomitant medica- 
tions, given with flecainide as clinically needed, was 
gained in this study, both for other antiarrhythmic 
agents administered acutely and chronically and 
for other cardiovascular drugs. Concomitant antiar- 
rhythmic agents included digitalis, B-blockers, cal- 
cium antagonists, and other class I (usually class 
IA) antiarrhythmic agents. Only 1 adverse drug 
interaction was noted: the addition of verapamil to 
flecainide caused a significant increase in PR 
interval, consistent with excessive AV nodal conduc- 


tion delay, but this was asymptomatic and re- 
sponded to discontinuation of verapamil. This 
experience indicates the feasibility that combina- 
tion drug therapy with flecainide is possible, when 
clinically indicated. However, it should be appreci- 
ated that the experience with concomitant medica- 
tions is small and that the potential for adverse 
interactions exists, particularly for combinations of 
drugs with the potential for additive cardiac nega- 
tive inotropic or dromotropic effects. 

Literature comparisons: In a review of 107 
entries on the use of flecainide in supraventricular 
arrhythmias to 1989, a total of 1,371 treatment 
trials with intravenous or oral flecainide were 
represented.'? Adverse experiences were reported 
in studies totaling 695 patients (the population of 
“at risk” patients) and not commented on in 
studies involving the remaining 594 patients. (Of- 
ten, it was not reported in these latter studies 
whether the lack of reported adverse effects was 
due to their absence or failure to report safety 
information.) A total of 19% (132 of 695) of at risk 
patients (10% of total patients) reported at least 1 
potential noncardiac adverse experience. The most 
frequent of these were paresthesia (49 patients) 
and visual disturbances (21 patients). Cardiac ad- 
verse experiences were reported by 6.9% (48 of 
695) of at risk patients (3.7% of total patients). 
Worsened arrhythmias were reported in 28 trials 
(4.0% of at risk, 2.2% of total patients). Conduc- 
tion disturbances occurred in 15 patients and 
congestive heart failure, in 5. None of these re- 
sulted in deaths. Most of these studies were shorter 
term studies. Neuss and Schlepper” evaluated 
long-term outcome in 31 patients treated over a 
period of 23 months. Therapy continued to be 
effective in 24 patients (77%) and was well toler- 
ated. Thus, the experience in the present study is in 
line with previous, less well-controlled, clinical 
experience in the literature. 

Study limitations: The study conclusions should 
be tempered by the relatively small number of 
patients enrolled and the low power to assess rates 
of infrequently occurring events. Nonetheless, ob- 
servations extended over a total 873 patient- 
months, a substantial experience. Also, because 
the study did not have a parallel placebo control 
group during the long-term extension, rates of 
drug-related adverse events and efficacy cannot be 
determined with certainty. Conclusions are based 
on comparisons with “baseline” or short-term 
results, as well as expected rates obtained from 
other studies in the literature. However, the present 
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study does distinguish itself from many other obser- 
vational studies by the placebo-control baseline in 
the short-term study, allowing for determinations 
of both efficacy and safety to be made in our study 
population and for reasonable estimates of the 
expected frequencies of events during the subse- 
quent uncontrolled experience. 


CONCLUSION 

The long-term (15-month) safety and efficacy of 
flecainide have been determined for patients with 
supraventricular arrhythmias (PSVT or PAF) who 
initially showed a favorable response to therapy. 
Results suggest a low rate of adverse events and a 
high rate of continuing efficacy. It is realized that 
this encouraging experience represents a relatively 
small and initial experience, and that these findings 
should be reinforced by larger patient experiences 
in the future. 
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DISCUSSION 

Dr. Robert Myerburg (Miami, Florida): It is 
important to make a distinction between safety 
issues, tolerance issues that require discontinua- 
tion of therapy, and mildly adverse experiences 
that the patient tolerates. You gave a roughly 75% 
adverse effect rate, but I do not think that you 
mean that as a limitation of that magnitude on 
patient therapy. Do you want to comment? 

Dr. Jeffrey Anderson (Salt Lake City, Utah): 
That is absolutely right. These patients were encour- 
aged to register any complaint—any general com- 
plaint at all. Obviously, in following patients for 15 
months, most of them eventually had at least one 
complaint. They were the common kinds of com- 
plaints. I think in the placebo-controlled experi- 
ence we have seen, with any duration of follow-up, 
that at least 50% will register complaints. Your 
point is very well taken. It is very difficult to know 
how many of these complaints are due to the drug 
unless something stands out. I think the visual 
abnormalities and the dizziness have been con- 
firmed in placebo-controlled studies to be in- 
creased with flecainide therapy. I think that for the 
other complaints, such as headache, fatigue, and 
impotence, my own bias would be that it is unlikely 
that those are due to the drug. 

Dr. Myerburg: We have noticed among patients 
who are admitted for catheter ablation and who 
have been on an antiarrhythmic drug and have 
been apparently tolerating drugs quite well that as 
soon as therapy is stopped, they comment that they 
feel better than they have for a long time, even 
though they could not voice any specific com- 
plaints. This crossed all drug categories. 

Dr. J. Herre Kingma (Nieuwegein, The Nether- 
lands): We have the impression that patients who 
are on flecainide therapy for ventricular tachycar- 
dia complain of less side effects than patients who 
are treated for supraventricular tachycardias, re- 
portedly because they feel that it is more important 
for them to use this drug. Is it true that there are 
more side effects in the group of patients with 
paroxysmal atrial fibrillation (PAF) and is that 
related to a somewhat higher dosage or to these 
patients’ perception of the arrhythmias? 
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Dr. Anderson: I do not know the answer to that 
question. Not only is the arrhythmia different but 
the population is different and the mean dose was 
somewhat different. To control PAF you do re- 
quire, in general, somewhat higher doses. Earlier, 
the dose-response curves for 2 patients was shown 
compared with placebo and in general the doses 
tended to be shifted by a mean of 50-100 mg/day 
more in the PAF group. 

Participant: You mentioned 2 patients with 
atrial fibrillation in whom you had to cardiovert, 


and then you continued the flecainide therapy. 
Was there anything special about these patients? 
Dr. Anderson: The cardioversion in those 2 or 3 
patients was done because of atrial fibrillation. 
There were no reports of ventricular tachyarrhyth- 
mias in this group of patients. There was 1 death 
that was probably due to a proarrhythmia in the 
earlier phase of the study in a patient with atrial 
fibrillation that was likely related to ventricular 
tachycardia but there were no deaths in the long- 
term extension study. | 
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Long-Term Follow-up of Patients with Inducible 
Supraventricular Tachycardia Treated with 
Flecainide or Propafenone: Therapy Guided by 
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We report our experience with flecainide and pro- 
pafenone therapy for inducible supraventricular 
tachycardias and paroxysmal supraventricular 
tachycardias due to atrioventricular (AV) nodal 
reentry or the Wolff-Parkinson-White syndrome. 
We performed an electropharmacologic test (ET) 
that consisted of first inducing a clinical arrhyth- 
mia by transesophageal atrial pacing (TAP) proto- 
col. This was followed by intravenous drug admin- 
istration and TAP reevaluation, either after acute 
intravenous administration or in oral steady- 
state. We used ET with flecainide and/or pro- 
pafenone to study 2 groups of patients at least 3 
years before the long-term clinical observation 
period. The first group was comprised of 58 pa- 
tients with reciprocating tachycardias—due to 
AV node reentry in 17 (29.3%) and anomalous 
pathway in 41 (70.7%). Twelve (29.3%) of the lat- 
ter had reciprocating tachycardias, 15 (36.6%) 
had atrial fibrillation, and 14 (34.2%) had both 
arrhythmias. During ET, flecainide was adminis- 
tered to 42 patients, and the ET was considered 
positive in 28 (66.7%). Propafenone was adminis- 
tered to 32 patients, with positive results in 15 
(46.9%). In 15 patients, both flecainide and pro- 
pafenone were tested, 8 receiving flecainide af- 
ter a negative ET with propafenone, and 7 receiv- 
ing propafenone after a negative ET with 
flecainide. In the first group, the ET was positive 
in 7 (87.5%), and in the second group, it was posi- 
tive in 3 (42.9%). In a follow-up of 40.1 + 11 
months, 38 (65.5%) patients had positive out- 
comes, 5 (8.6%) had to stop receiving the drugs 
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because of side effects, 3 (5.2%) stopped be- 
cause of inefficacy, and 12 (20.7%) dropped out. 

The second group was comprised of 30 pa- 
tients who had disabling supraventricular recipro- 
cating tachycardias due to anomalous pathway in 
25 (83.3%) cases and AV node reentry in 5 
(16.7%) cases. In this group of patients, pro- 
pafenone and/or flecainide were sequentially 
administered after either inefficacy or paradoxi- 
cal effect of the first drug. Propafenone was ad- 
ministered to 13 (43.3%) patients after flecain- 
ide, with positive results in 6 (46.2%) cases, and 
flecainide was administered to 17 (56.7%) pa- 
tients after propafenone, with positive results in 
10 (58.8%) cases. 

We conclude that flecainide and propafenone 
are useful antiarrhythmic drugs in long-term pro- 
phylaxis of inducible supraventricular tachycar- 
dia in ET responder patients. ET by TAP allowed us 
to identify immediately either “responder” pa- 
tients or “nonresponder’” patients and those with 
“nroarrhythmic” response; therefore, it permits 
the selection of the drug with greater efficacy 
and with minimal side effects in oral long-term 
therapy. Inefficacy of flecainide or propafenone 
is not predictive for inefficacy of the other drug, 
even though both are class IC antiarrhythmic 
agents. 

(Am J Cardiol 1992;70:19A—25A) 


manage supraventricular tachycardia (SVT) 

patients with disabling symptoms or those who 
are at risk for recurrences through use of electro- 
pharmacologic testing (ET) by transesophageal 
atrial pacing (TAP) whenever possible.“ This 
approach allows us to induce the clinical arrhyth- 
mia and to identify the clinical tolerance and the 
associated symptoms, the electrogenic mechanism 


[: our Arrhythmological Center, we prefer to 
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and its aspects. In addition, it helps us study the 
sinus node function, the conduction system proper- 
ties, and the efficacy of the selected drug or 
possible acute proarrhythmic effects (paradoxical 
or worsening of arrhythmias).'!*+ TAP avoids the 
use of fluoroscopy, the sterile precautions, and the 
potential complications of endocavitary technique; 
it is simple, minimally invasive, well-tolerated, and 
reproducible as often as required, even within a 
short time period. 

This report is related to our experience with 
flecainide and propafenone therapy of inducible 
SVT such as supraventricular reciprocating tachy- 
cardia and/or Wolff-Parkinson-White syndrome. 
These drugs, both class IC antiarrhythmic agents, 
are first-choice drugs for SVT therapy,*>~’ but may 
produce different outcomes in the same patient: 
the lack of success with 1 of the 2 drugs is not 
predictive of the ineffectiveness of the other drug.’ 
This justifies an alternative use of the 2 drugs in 
case of inefficacy of 1 of them. 


METHODS 

The present study consists of 2 groups of induc- 
ible SVT patients evaluated by ET with flecainide 
and/or propafenone at least 3 years before the 
long-term clinical observation period and was par- 
tially published elsewhere.*’ 

The first group comprises 58 patients (25 men, 
33 women; mean age 33.8 + 17 years, range 21-64 
years) who from January 1987 to December 1988 
underwent an ET by TAP with flecainide and/or 
propafenone. This was performed in order to 
establish a correct diagnosis and to assess protec- 
tive therapy in patients with disabling symptoms 





FIGURE 1. Underlying heart diseases that were found in 
the first group of 58 patients. 


associated with supraventricular reciprocating 
tachycardia and/or atrial fibrillation in the Wolff- 
Parkinson-White syndrome. All patients com- 
plained of disabling symptoms, i.e., palpitations in 
34 (58.6%), presyncope in 14 (24.1%), syncope in 5 
(8.6%), subjective intolerance in 3 (5.2%), and 
aborted sudden death in 2 (3.4%). This was due to 
a very rapid ventricular response during preexcited 
paroxysmal atrial fibrillation because of a short 
anterograde refractory period of an accessory path- 
way. All the patients underwent clinical and labora- 
tory studies: underlying heart diseases were valvu- 
lar in 9 (15.5%) cases, hypertensive in 4 (6.9%) 
cases, cardiomyopathy in 2 (3.4%) cases, atheroscle- 
rotic in 1(1.7%) case, and congenital defect in 1 
(1.7%) case; 41 patients (70.7%) had no cardiovas- 
cular diseases (Figure 1). 

The study protocol included a TAP electrophys- 
iologic study in the basal postabsorptive state. 
Atrial pacing was initiated at a rate slightly higher 
than a spontaneous atrial rate; then the pacing rate 
was increased in increments of 10 beats/min. To 
activate the possible reentry circuit, we used short 
pacing periods at a rate slightly lower than the one 
that provoked the Wenckebach periodicity. In 
patients with an anterograde anomalous pathway, 
we also performed a ramp-up pacing by gradually 
increasing the rate during pacing until the maxi- 
mum rate of the generator reached (600 beats/ 
min). This was done in order to induce atrial 
fibrillation and to assess the shortest interval be- 
tween 2 preexcited QRS intervals, which coincides 
with the anterograde refractory period of the 
anomalous pathway. During induced reciprocat- 
ing tachycardia, a ventriculoatrial interval >70 
msec in the transesophageal recording was consid- 
ered an indication of an accessory atrioventricular 
connection, whereas a ventriculoatrial interval < 70 
msec was considered an indication of AV node 
reentry.”!" During episodes of sustained SVT or 
during sinus rhythm when SVT was nonsustained, 
we administered propafenone and/or flecainide, 
when possible in standardized doses per kilogram; 
e.g., propafenone 1.5 mg/kg, and flecainide 1.5 
mg/kg. 

Then, after sinus rhythm restoration, we re- 
peated the pacing protocol in order to identify the 
possibility of SVT reinduction. When the drug was 
judged effective in SVT suppression in acute test- 
ing, it was administered orally and, after a period 
>5 times the drug half-life, we repeated the TAP 
protocol in order to establish the protection during 
oral therapy.'°- When the first drug tested was 
judged negative, we performed serial drug testing 
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with other antiarrhythmic drugs or combination of 
drugs, until the results were satisfactory. The ET 
was considered positive when the drug, either after 
acute intravenous administration or in oral steady 
state, was effective in terminating the SVT (when 
sustained) and when reinduction was not possible. 
The test was also considered positive when it was 
possible to reinduce only short nonsustained epi- 
sodes with a percent widening of cycle length 
and/or of shortest preexcited RR interval > 30%. 
The ET was considered negative when SVT was 
still inducible, either after acute intravenous admin- 
istration or in oral steady state; it was considered 
proarrhythmic when the drug administration in- 
duced a quantitative or qualitative deterioration of 
the arrhythmia, the appearance of a new type of 
arrhythmia (paradoxical effect), or when the drug 
induced electrophysiologic arrhythmic effects typi- 
cal of the class (e.g., sinoatrial block, lengthening 
of the HV interval and of the QRS interval—i.e., 
worsening arrhythmias).'! The patients were finally 
discharged with antiarrhythmic prophylaxis with 
the drug judged positive (flecainide, propafenone, 
or other drugs) and were followed up with periodic 
clinical and electrocardiographic examinations. In 
addition, we periodically called the patients in 
order to verify the antiarrhythmic drug efficacy and 
to encourage patient compliance with antiarrhyth- 
mic therapy. None of the patients complained of 
remarkable side effects: some patients had an urge 
to cough during catheter positioning, which was 
solved by advancing the lead into the distal esopha- 
gus. During pacing, most of the patients com- 
plained of a mild or moderate burning sensation 
related to electric current output, which immedi- 
ately disappeared after pacing discontinuation. All 
patients gave consent to the consecutive tests. 

The second group was comprised of 30 patients 
(16 men, 14 women; mean age 30.6 + 16 years) 
with disabling supraventricular reciprocating tachy- 
cardias studied at least 3 years before with ET (for 
protocol see above).’ In these patients, both pro- 
pafenone and flecainide were sequentially adminis- 
tered after demonstrated inefficacy or proarrhyth- 
mic effect of the first drug administered. Of these 
30 patients, 25 (83%) had no cardiopathy, 3 (10%) 
had mitral valve prolapse, and 2 (7%) had hyperten- 
sive cardiopathy (Figure 2). 

We statistically compared the results following 
ET with flecainide and with propafenone and the 
follow-up data from these patient groups. For 
statistical elaboration, we used the Fisher exact 
test; a p value <0.05 was considered statistically 
significant. 


RESULTS 

In the transesophageal basal study of the first 
group, we induced supraventricular reciprocating 
tachycardias due to atrioventricular node reentry 
in 17 patients (29.3%); 41 (70.7%) had an anoma- 
lous pathway, with anterograde conduction in 29 
(70.7%). In 26 (63.4%) of these 41 patients, we 
induced reciprocating tachycardias due to reentry, 
including the atrioventricular node anterogradely 
and the bypass tract retrogradely. In 29 (70.7%) 
patients, atrial fibrillation was induced, with the 
ventricles partially or totally activated through the 
bypass tract in 26 patients (mean shortest preex- 
cited RR interval 242 + 60 msec, range 160-360 
msec). The remaining 3 patients had no antero- 
grade conduction in their anomalous pathway. In 
14 (34.2%) of these patients, both reciprocating 
tachycardias and atrial fibrillation were induced 
(Figure 3). 

During ET, we tested a total of 101 drugs or 
combination of drugs; flecainide was administered 
to 42 patients, and the test was considered positive 
in 28 (66.7%); propafenone was administered to 32 
patients, and the ET was considered positive in 15 
(46.9%) (Figure 4). Both flecainide and pro- 
pafenone were administered to 15 patients, 8 
receiving flecainide as a second choice after a 
negative or paradoxical ET with propafenone; and 
7 receiving propafenone as a second choice after a 
negative or paradoxical ET with flecainide. In the 
first group, ET was positive in 7 (87.5%) patients, 
and in the second group it was positive in 3 (42.9%) 
(Figure 5). The actual follow-up of the 58 patients 
is 40.1 + 11 months. In 38 (65.5%) patients, the 
drug was still effective, 5 (8.2%) stopped receiving 
the drug because of side effects and 3 (5.2%) 
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FIGURE 2. Underlying heart diseases that were found in. 
the second group of 30 patients. 
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FIGURE 3. In the first group of 58 patients the transesoph- 
ageal basal study documented atrioventricular (AV) node 
reentry in 17 (29.3%) and anomalous pathway in 41 
(70.7%) patients. Of these latter, 12 (29.3%) had recipro- 
cating tachycardias; 15 (36.6%) had atrial fibrillation; and 
14 (34.2%) had both arrhythmias. PSRT = paroxysmal su- 
praventricular reciprocating tachycardia; AF = atrial fibril- 
lation. 
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ANOMALOUS PATHWAY 


because of inefficacy; 12 patients (20.7%) dropped 
out (Figure 6). Of the 28 patients discharged with 
flecainide, 16 (57.1%) had positive outcomes and 
the drug was still effective, 5 (17.9%) stopped 
receiving the drug because of side effects, 2 (7.1%) 
stopped because of inefficacy, and 5 (17.9%) 
dropped out. Of the 5 patients with side effects, 2 
had neurologic disturbances and 2 had visual 
symptoms. One patient with Wolff-Parkinson- 
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electropharmacologic tests (ET) 
performed in the 42 patients with flecainide (left) and in 
the 32 patients with propafenone (right). 
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FIGURE 5. Results of the tests with 
flecainide after propafenone were 


lly performed 
negative/ paradoxical in 8 patients (left) and with pro- 
pafenone after flecainide were negative/ paradoxical in 7 
patients (right). 


White syndrome had a very unusual proarrhythmic 
phenomenon in follow-up due to an excessive 
consumption of flecainide in a suicide attempt. 
This patient eventually underwent cardiac surgery. 
Of the 15 patients discharged with propafenone, 10 
(66.7%) had positive outcomes and 5 (33.3%) 
dropped out (Figure 7). There were no cases of 
sudden death or aborted sudden death in the 
follow-up. 

In the base line study of the second group of 30 
patients studied for supraventricular reciprocating 
tachycardias, we found reentry circuit due to anom- 
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FIGURE 6. Follow-up of the 58 patients. 
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FIGURE 7. Follow-up of the 43 patients discharged with 
flecainide (left) or propafenone (right). 





alous pathway in 25 (83.3%) patients and AV node 
reentry in 5 (16.5%) (Figure 8). Propafenone was 
administered to 13 patients (43.3%) after flecainide 
had a negative or paradoxical ET, and flecainide 
was administered to 17 patients (56.7%) after 
propafenone had a negative or paradoxical ET. In 
the first group, the ET with propafenone was 
considered positive in 6 patients (46.2%), and in 
the second group, flecainide was considered posi- 
tive in 10 patients (58.8%) (Figure 9). At a mean 
follow-up of 52 + 3 months (Figure 10), 4 of the 6 
patients discharged with propafenone had positive 
outcomes, 1 stopped receiving the drug because of 
inefficacy, and 1 dropped out. In 7 of the patients 
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FIGURE 8. In the second group of 30 patients with recipro- 
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cating tachycardias the basal study doc- 
umented anomalous pathway in 25 (83.3%) and atrioven- 
tricular (AV) node reentry in 5 (16.5%). 
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FIGURE 9. Results of the 
formed in the 30 patients with propafenone 

tested after flecainide were negative/ paradoxical in 13 
patients (left) and with flecainide after were 
negative/paradoxical in 17 patients (right). 


tests per- 


discharged with flecainide, the antiarrhythmic drug 
was still effective, 2 stopped receiving the drug 
because of inefficacy, and 1 dropped out. 

The statistical comparison of the results of ET 
with flecainide and with propafenone and of the 
follow-up of the patients discharged with the 2 
drugs did not show any significant difference. 
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FIGURE 10. Follow-up results at 52 + 3 months of the 6 


patients discharged with propafenone and the 10 patients 
discharged with flecainide. 
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COMMENTS 

Review of the literature and an evaluation of 
our results on the use of flecainide or propafenone 
in SVT indicate some aspects worthy of discussion. 

The selection of therapy with ET by TAP 
provides much information on the arrhythmia (clin- 
ical tolerance, associated symptoms, electrogenic 
mechanism) and on the electrophysiologic charac- 
teristics (sinus node function, conduction system 
properties, atrial vulnerability, anterograde refrac- 
tory period).!4 It also permits the detailed identi- 
fication of the tested drug effects and, therefore, 
of the “responder” patients. If patients are “non- 
responder” or have “proarrhythmic” responses 
(see above), it is possible to perform serial drug 
testing until effective and safe drug identification is 
obtained. It is important to remember that a 
discrepancy may occur in the effect of drugs— 
specifically flecainide—on supraventricular recipro- 
cating tachycardia and atrial fibrillation in Wolff- 
Parkinson-White syndrome. A positive preexcited 
atrial fibrillation result, due to a stop in antero- 
grade conduction through the anomalous pathway, 
can facilitate the episodes of reciprocating tachycar- 
dia due to persistent retrograde conduction (para- 
doxical effect).* This can be identified during ET by 
TAP. 

Oral drug administration after ET by TAP 
permits a positive long-term outcome and avoids 
major long-term side effects: in the follow-up of 
our patients the only patient who had proarrhyth- 
mic long-term effects consumed an overdose of the 
drug (see above). Even if the recent suggestion to 
use transtelephonic electrocardiographic monitor- 
ing to follow-up on SVT patients seems attrac- 
tive,'? we think ET by TAP is a good alternative. 
Using TAP, one can reevaluate the patients period- 
ically in follow-up,* and can use the transesoph- 
ageal pacing protocol during ergometric testing® in 
patients suspected of clinical episodes of wide 
ORS tachycardia due to effort. 

Flecainide and propafenone are useful drugs in 
long-term prophylaxis of inducible SVT when ad- 
ministered in “responder” patients. These drugs 
belong to the same class of Vaughan Williams 
Classification,!’ but they can have different effects 
in the same patients. The inefficacy of 1 of the 2 
drugs in SVT is not predictive of the inefficacy of 
the other.’ This is true either for reciprocating 
tachycardias or for atrial fibrillation in Wolff- 
Parkinson-White syndrome, as was demonstrated 
in our 2 subgroups. This confirms the difficulty of 
antiarrhythmic drug classification and the variabil- 
ity of the individual response to specific drugs. One 


possible explanation for this different effect in spite 
of similar electrophysiologic properties could be 
different pharmacokinetic characteristics and dif- 
ferent myocellular direct and indirect effects, which 
are difficult to compare. Moreover, the response to 
drugs at different levels of reentry circuit of hyperki- 
netic arrhythmias can be unforeseeable because of 
anatomic variability and of neurovegetative ef- 
fects.’ 

In conclusion, flecainide and propafenone are 
useful antiarrhythmic drugs in long-term prophy- 
laxis of inducible supraventricular tachycardias in 
“responder” patients. ET by TAP allows us to 
identify immediately either “responder” patients 
or “nonresponder” patients and those with “pro- 
arrhythmic” response. Therefore, we can select the 
drug with greater efficacy and safety in oral therapy 
for long-term treatment. Inefficacy of either 
flecainide or propafenone is not predictive of 
inefficacy with the other drug, even though both 
drugs belong to the same IC class. There probably 
is a need for a new antiarrhythmic drug classifica- 
tion, particularly for the class IC drugs. 
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DISCUSSION 

Dr. Berndt Lüderitz (Bonn, Germany): Perhaps 
I did not get all the points correctly. You told us 
that inefficacy of propafenone or flecainide is not 
predictive for inefficacy of the other drug, even 
though both are class IC drugs. My question is 
whether acute drug testing with intravenous 
flecainide is predictive of the efficacy of long-term 
oral treatment with flecainide in your study? 


Dr. Francesco Furlanello (Trento, Italy): Yes. 


Our patients in whom the drug was effective during 


the acute intravenous test and during steady-state 
oral therapy 5 days later were symptom free for 
more than 4 years. Not all, of course. Some 


interrupted the drug because of noncardiac side 
effects, such as neurologic symptoms. Also with 


minor side effects, it is very difficult to maintain the 
patient for a long time on drug therapy, particu- 
larly the young people. The mean age of the 
population was about 32 years. We have many 
athletes in this population group. Propafenone- 
positive patients who are flecainide-negative main- 
tain the positivity for a long time. The same occurs 
with flecainide. 
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Flecainide in the Wolff-Parkinson-White 
Syndrome 


lan Crozier, MD 


The effects of flecainide on electrophysiologic 
parameters and arrhythmias in the Wolff-Parkin- 
son-White syndrome were reviewed. Acute admin- 
istration of flecainide blocks conduction across 
the accessory pathway in the anterograde direc- 
tion in 40% and in the retrograde direction in 50% 
of cases and markedly prolongs refractoriness in 
the remaining cases. Flecainide has a lesser ef- 
fect on refractoriness of the His-Purkinje system, 
atrium, ventricle, and atrioventricular node. 

Flecainide terminates atrioventricular tachy- 
cardia in >80% of cases when given intrave- 
nously, and oral therapy prevents clinical recur- 
rences in >60% of cases, but may occasionally 
result in incessant tachycardia. Long-term effi- 
cacy is predicted by abolition of conduction 
across the accessory pathway or prevention of 
tachycardia induction at acute electrophysiologic 
testing. Concomitant administration of a 
B-adrenoreceptor blocker results in greater long- 
term efficacy. Administered during preexcited 
atrial fibrillation, flecainide consistently slows 
the ventricular response and converts the major- 
ity of cases to sinus rhythm. Serious ventricular 
proarrhythmia is seen almost exclusively in pa- 
tients with structural cardiac disease. Flecainide 
is a useful drug for the acute and chronic control 
of tachycardia in Wolff-Parkinson-White syn- 
drome. 

(Am J Cardiol 1992;70:26A—32A) 
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r {he Wolff-Parkinson-White (WPW) syn- 
drome continues to provide important diag- 
nostic and therapeutic challenges, despite 

the vast body of information that has been col- 

lected since its first clear description in 1930.! 

Despite the development of both surgical? and 

catheter? ablation techniques, the majority of pa- 

tients continue to be managed with drug therapy. 

The small but definite risk of ventricular fibrilla- 

tion* complicates the therapeutic dilemma further 

in WPW, especially because drugs that are effec- 
tive in atrioventricular tachycardia such as digoxin*> 
and verapamil® may accelerate the ventricular 
response during atrial fibrillation and appear to 
increase the risk of degeneration to ventricular 
fibrillation. This review will discuss the acute and 
long-term effects and efficacy of flecainide in WPW. 


ELECTROPHYSIOLOGIC EFFECTS OF 
FLECAINIDE 

Flecainide acetate is a sodium channel blocking 
drug, classified as a class IC antiarrhythmic agent, 
causing marked slowing of the rate of rise of phase 
0, but little effect on the duration, of the action 
potential. Flecainide acutely prolongs the effective 
refractory period of the right atrium, right ventri- 
cle, and atrioventricular node by approximately 
10% and slows intra-atrial conduction and atrioven- 
tricular nodal conduction by approximately 20%7-!! 
(Figure 1). Flecainide has a greater effect on the 
His-Purkinje system, prolonging infranodal conduc- 
tion time by 27-47%, >-1112 which may result in 
infranodal block in patients with preexisting bun- 
dle branch block.® Flecainide has little effect on 
impulse formation except in patients with sinus 
node dysfunction in whom severe depression of 
sinus node function and long sinus pauses may be 
induced.®™! Flecainide has marked effects on anom- 
alous atrioventricular pathways, the substrate for 
WPW. Flecainide blocks anterograde conduction 
in approximately 40% of patients and prolongs the 
effective refractory period by approximately 20% 
in the remaining cases!!!) (Figures 1 and 2). In 
the retrograde direction, flecainide blocks conduc- 
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FIGURE 1. Acute effect of intrave- 
nous or oral flecainide on the ef- 
fective refractory period (ERP) of 
the right atrium (RA), right ventri- 
cle (RV), atrioventricular node 
(AVN), and atrioventricular acces- 
sory pathway (AP) in both antero- 
grade and retrograde directions. 
(Adapted from Br Heart J, Am J 
Cardiol,?:13:4.16 Eur Heart J," and 
Ann Intern Med.**) 


tion in approximately 50% of patients and prolongs 
both the effective refractory period by approxi- 
mately 35% and the velocity of conduction by 
24-45% in the remaining cases!»!°-16 (Figures 1, 2, 
and 3). These effects persist and are of similar 
magnitude with chronic oral therapy.'*!’ However, 
infusion of the B-adrenoreceptor agonist isoproter- 
enol reverses the prolongation of refractoriness of 
the accessory pathway by flecainide but does not 
restore conduction when abolished by flecain- 
jde,18:19 

Flecainide also exerts a direct antifibrillatory 
effect, both in animal and human studies. Several 
- animal models of both toxin- and ischemia-induced 
ventricular fibrillation have shown that flecainide 
increases the fibrillation threshold.?°?! Although 
comparable studies are not available in humans, 
flecainide appears to reduce the inducibility of 
atrial fibrillation by rapid atrial pacing.'*?7> 


ATRIOVENTRICULAR TACHYCARDIA 

Flecainide is highly effective in terminating acute 
episodes of reentrant atrioventricular tachycardia 
in patients with WPW or concealed atrioventricu- 
lar accessory pathways. Intravenous flecainide given 
during tachycardia converts 80-100% of tachycar- 
dias, almost exclusively via block in the retrograde 
limb (atrioventricular pathway).!!!3!64 In cases not 
converted, the tachycardia cycle length is slowed, 
predominantly by lengthening conduction time in 
the atrioventricular pathway.” The dosage of intra- 
venous flecainide required for conversion to sinus 
rhythm is usually <50% of the maximum recom- 
mended intravenous dosage (2 mg/kg).!3!74 Fur- 
ther, induction of tachycardia is prevented in 
30-68% of patients following full dosage intrave- 
nous flecainide or short-term oral therapy, and the 
tachycardia cycle length is prolonged in patients in 
whom the tachycardia can be induced.!*!7° 


10% 





AP AP 
anterograde retrograde 
20% 35% 


10% 10% 
Flecainide also appears equally effective in termi- 
nating antidromic atrioventricular tachycardia.'’ 
However, because isoproterenol infusion partially 
reverses the effect of flecainide on the atrioventric- 
ular pathway in cases in which the refractory 
period has been lengthened, induction of atrioven- 
tricular tachycardia may be facilitated by isoproter- 
enol in some patients in whom induction was 
prevented by flecainide.!5!81° Noninducibility dur- 
ing isoproterenol infusion predicts a good long- 
term clinical response to flecainide,'? whereas in 
patients in whom isoproterenol reversed the effect 


of flecainide on inducibility, the combination of 


Control Flecainide Control 


Flecainide 





FIGURE 2. Effect of intravenous flecainide (2 mg/kg) on 
the anterograde (AV) and retrograde (VA) effective refrac- 
tory period (E.R.P.) of atrioventricular accessory pathway. 
(Reprinted from Am J Cardiol.1*) 
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flecainide and B-adrenoreceptor blocker therapy 
resulted in excellent long-term arrhythmia con- 
trols 

Chronic oral therapy with flecainide results in 
good control of atrioventricular tachycardia, with 
61-66% of patients achieving complete suppres- 
sion of symptomatic episodes of atrioventricular 
tachycardia.!+1626-29 Most patients in these reports 
were treated with 200 mg daily; however, arrhyth- 
mia control has been reported to be better at 
dosages > 200 mg, but this occurs at the expense of 
increased side effects.*° The addition of a B-adreno- 
receptor blocker results in greater efficacy with 
> 90% of patients achieving abolition of symptom- 
atic tachycardia,'>:!® a result also achieved with the 
combination of flecainide and sotalol.*! 
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FIGURE 4. Effect of intravenous flecainide (2 mg/kg) on 
the shortest ventricular response during atrial fibrillation. 
In 4 cases flecainide was given during atrial fibrillation. 
The ventricular response slowed, and sinus rhythm was 

restored in those cases. (Reprinted with 
permission from Clin Cardiol.) 
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FIGURE 3. Acute effect of intrave- 
nous or oral flecainide on the 
conduction v of the right 
atrium (RA), atrioventricular node 
(AVN), His-Purkinje system (HP), 
and atrioventricular accessory 
pathway (AP) in the retrograde 
direction. (Adapted from Br Heart 
J, Am J Cardiol,” ®-*"* and Eur 
Heart J.*) 


AP 
retrograde 
24-45% 


However, in a small number of cases, flecainide 
may result in an exacerbation of atrioventricular 
tachycardia. Flecainide may occasionally increase 
the width of the echo zone,!! or result in increased 
frequency or incessant atrioventricular tachycar- 
dia, although usually at a slower rate.!52630 Flecain- 
ide has also been reported to enable the induction 
of antidromic tachycardia in a patient who previ- 
ously experienced only orthodromic atrioventricu- 
lar tachycardia.*? 


ATRIAL FIBRILLATION 

Atrial fibrillation is frequent in WPW and may 
degenerate to ventricular fibrillation in patients 
with atrioventricular pathways with short refrac- 
tory periods.* Conventional antiarrhythmic agents 
such as digoxin*~ and verapamil may accelerate 
the ventricular response and precipitate ventricu- 
lar fibrillation. Only drugs that consistently prolong 
the anterograde refractory period of the atrioven- 
tricular pathway should be given during atrial 
fibrillation, or to patients who are at risk of atrial 
fibrillation in WPW. 

Several clinical trials have shown that flecainide 
consistently slows the ventricular response during 
atrial fibrillation with a preexcited ventricular re- 
sponse (atrioventricular conduction via the atrio- 
ventricular pathway)!!17:22:2433 (Figure 4). Neuss et 
al!! studied 6 patients with WPW (and preexcited 
atrial arrhythmias), 5 patients with atrial fibrilla- 
tion, and 1 patient with atrial flutter. Following 100 
mg of intravenous flecainide, the atrial cycle length 
was prolonged from 240 msec to 280 msec and 1:1 
conduction changed to 2:1 in the patient with atrial 
flutter. In the patients with atrial fibrillation, com- 
plete block was observed in the atrioventricular 
pathway in 2 and slowed preexcited ventricular re- 
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sponse in 3 cases.!! Kappenberger et al”? reported 
that 2 mg/kg of intravenous flecainide resulted in a 
lengthening of the shortest ventricular response 
from a mean of 218 msec to 320 msec, with 
individual lengthening of 30-250 msec. Likewise, 
other studies have shown that intravenous or oral 
flecainide consistently prolongs the shortest ventric- 
ular response during induced atrial fibrillation.!>-!”* 

Further, in the patients with a very rapid ventric- 
ular response, who are at greatest risk of ventricu- 
lar fibrillation, the shortest ventricular response is 
consistently prolonged,!’*"> an effect that is not 
necessarily seen in other class I antiarrhythmic 
agents% (the use of which has been advocated in 
atrial fibrillation in WPW). In addition to the salu- 
tary effects of flecainide on the ventricular re- 
sponse in atrial fibrillation, flecainide also prevents 
the induction of atrial fibrillation by rapid atrial 
pacing in approximately 50% of patients. !7-18-22,23,33 

Surprisingly, few data are available on the effect 
of intravenous flecainide administered during ei- 
ther spontaneous or induced atrial fibrillation. Of 
the 15 reported cases in adults, intravenous 
flecainide slowed the ventricular response in all 
cases (including those with a very rapid ventricular 
response), 11 converted acutely to sinus rhythm, 
and 2 other patients converted to sinus rhythm with 
continued oral therapy.”*435.° Chronic oral ther- 
apy appears to reduce symptomatic episodes of 
atrial fibrillation,!517333 but there are no pub- 
lished controlled studies comparable to the multi- 
center study that documents efficacy of flecainide 
in controlling episodes of atrial fibrillation of other 
etiologies.’ 


MAHAIM PATHWAY TACHYCARDIA 

Mahaim fibers are nodoventricular or fasciculo- 
ventricular anomalous pathways? that are associ- 
ated with supraventricular tachycardia. Typically, 
these patients have atrioventricular nodal tachycar- 
dia,” but the Mahaim fiber may also be part of the 
reentry circuit.*? Lau et al*! reported on 3 patients 
in whom intravenous flecainide abolished conduc- 
tion over the Mahaim fiber and terminated the 
associated tachycardia and prevented recurrence 
with chronic therapy in all cases. 


ADVERSE EVENTS 

Flecainide results in adverse events in approxi- 
mately 19% of patients,” and the adverse events 
are more common with intravenous” than oral‘? 
therapy. Usually, these adverse events are minor, 
such as paresthesia, visual disturbance, or drowsi- 
ness,”™*?8 and may be well tolerated; hypotension or 


proarrhythmia is less common.” Serious proar- 
rhythmia, such as ventricular tachycardia or fibril- 
lation, and conduction disturbance are much more 
common in patients with structural cardiac dis- 
ease.*3+4 However, serious arrhythmias have been 
infrequently associated with flecainide given for 
supraventricular tachycardia in patients with no 
documented structural cardiac disease. Docu- 
mented cases include induction of ventricular fibril- 
lation by single ventricular extrastimulus at electro- 
physiologic study in a 73-year-old man with WPW 
following intravenous flecainide,** ventricular fibril- 
lation in a 32-year-old man with atrioventricular 
nodal tachycardia following intravenous flecain- 
ide,? and ventricular flutter following exercise 
testing in a 44-year-old man with idiopathic atrial 
fibrillation who had received oral flecainide 200 mg 
daily for 2 weeks.* 


PEDIATRIC EXPERIENCE 

Although there is a relative paucity of published 
data in children, flecainide appears to have similar 
efficacy in children and adults. Perry et alt re- 
ported on 16 children with WPW or concealed 
atrioventricular pathways in whom oral flecainide 
terminated or controlled episodes of atrioventricu- 
lar tachycardia. However, 5 patients developed 
incessant atrioventricular tachycardia at a slow and 
well-tolerated rate that resolved on cessation of 
flecainide. Musto et al*’ studied 9 patients with 
WPW; flecainide caused anterograde block of the 
atrioventricular pathway in 8. In this study 1.5 
mg/kg of flecainide terminated all cases of atrioven- 
tricular tachycardia and oral therapy provided 
good prophylaxis without proarrhythmia. Other 
reports have confirmed the efficacy of flecainide in 
atrioventricular tachycardia associated with WPW 
in children, but also occasional induction of inces- 
sant slow atrioventricular tachycardia occurs.***? 
However, in comparison with the experience in 
adults, in the single reported case of atrial fibrilla- 
tion and WPW, flecainide alone did not control the 
arrhythmia.” 


COMPARISON WITH OTHER ANTIARRHYTHMIC 
AGENTS 

Flecainide preferentially slows conduction and 
prolongs refractoriness of the atrioventricular path- 
way and slows the ventricular response during 
atrial fibrillation, both in patients with long and 
short refractory periods.!!!3-!>.!72233 The intrave- 
nous administration of the class [A antiarrhythmic 
drugs procainamide, ajmaline, and quinidine also 
prolongs the anterograde refractory period of atrio- 


A SYMPOSIUM: SUPRAVENTRICULAR ARRHYTHMIAS 29A 


ventricular pathways with relatively long refractory 
periods, but does not significantly prolong those 
with short refractory periods, as documented in the 
study of Wellens et alt (Figure 5). However, 
another class IA antiarrhythmic drug, disopyra- 
mide, prolonged the shortest ventricular response 
in rapid preexcited atrial fibrillation with oral 
therapy.°! In this same study, atrial fibrillation 
became more difficult to induce, but not to the 
extent observed with flecainide.?! Disopyramide 
slowed the rate of atrioventricular tachycardia but 
did not prevent its induction, and long-term ther- 
apy appeared to reduce symptomatic episodes of 
atrial fibrillation but not atrioventricular tachycardia.>! 

Encainide and propafenone are class IC antiar- 
rhythmic drugs, as is flecainide. Similarly, both 
prolong conduction time of atrioventricular path- 
ways.-7>° As does flecainide, these drugs prolong 
anterograde refractoriness of the pathway in pa- 
tients with both long and short initial refractory 
periods.>*»+° Likewise, both are effective in termi- 
nating or preventing induction of atrioventricular 
tachycardia,>>° reduce inducibility of atrial fibril- 
lation,»»° and are effective in reducing symptom- 
atic episodes of tachycardia in WPW.5%-55 

Similar to flecainide, they may also occasionally 
cause incessant atrioventricular tachycardia at a 
slower rate? and may cause ventricular pro- 
arrhythmia.» 

Sotalol, a B-adrenoreceptor blocker with class 
III antiarrhythmic action, has a balanced action in 
prolonging refractoriness and conduction velocity 
in both the atrioventricular node and atrioventricu- 
lar pathway.>’>® The drug does not usually prevent 
inducibility of atrioventricular tachycardia,>’>* but 
it does have an antifibrillatory effect,°’ and slows 
the ventricular response during atrial fibrillation.°’ 
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Long-term therapy appears to reduce Symptomatic 


tachycardia in the majority of patients.°’>® 

Amiodarone, a class III antiarrhythmic, mark- 
edly prolongs the refractory period of the atrioven- 
tricular pathway, irrespective of the initial length 
of the refractory period** (Figure 5), and it is 
clearly effective in controlling symptomatic tachy- 
cardias, including atrial fibrillation with rapid ven- 
tricular response.®? However, its frequent side 
effects limit long-term usage, especially in younger 
patients.°! | 

In the absence of good controlled studies com- 
paring the efficacy of antiarrhythmic agents in 
WPW, it is only possible to postulate as to the 
relative efficacy of antiarrhythmic agents. How- 
ever, the preferential action on the atrioventricular 
pathway, efficacy in both termination and prophy- 
laxis of atrioventricular tachycardia, beneficial ef- 
fect in atrial fibrillation, and relative freedom from 
side effects suggest that class IC antiarrhythmic 
drugs are the best available for control of arrhyth- 
mias in WPW. . 


CONCLUSION 

Flecainide consistently prolongs refractoriness 
and slows conduction in anomalous atrioventricu- 
lar pathways, the substrate for WPW. It also has an 
antifibrillatory action in animal studies and pre- 
vents the induction of atrial fibrillation. Given 
during tachycardia, it consistently slows the ventric- 
ular rate and frequently terminates both atrioven- 
tricular tachycardia and atrial fibrillation. Long- 
term therapy is also highly effective in controlling 
symptomatic tachycardia, especially in combina- 
tion with B-adrenoreceptor blocker therapy. Minor 
side effects are common, particularly with intrave- 
nous usage, whereas serious ventricular proarrhyth- 


FIGURE 5. Effect of intravenous 
procainamide, ajmaline, quinidine 
and oral amiodarone on antero- 
grade effective refractory period 
of the atrioventricular accessory 
pathway. The increase in duration 
is indicated by a vertical arrow; 
open circles indicate complete 
block. (Reprinted from Am J Car- 
diol.*) 
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mia is seen more frequently in patients with struc- 
tural cardiac disease. Flecainide remains one of 
the most useful drugs for acute and chronic control 
of tachycardia in the WPW syndrome. 
Acknowledgment: Dr. Crozier is a Senior Fel- 
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DISCUSSION 

Dr. A. John Camm (London, England): I have 
always been disturbed by the assertion that cate- 
cholamines reverse the effect of drugs on accessory 
pathways. What disturbs me is the fact that I do not 
believe that in any of the reports has there ever 
been a test of the effect of the catecholamine in the 
absence of the antiarrhythmic drug and, therefore, 
to my mind at least, it is quite feasible that 
substantial protection is still being given by the 
drug when the catecholamine is infused. I wonder 
if you have any perspective on this and, in particu- 
lar, have you found any data in which catechol- 
amines have been given prior to the antiarrhythmic 
drug and then a direct comparison was made? 

Dr. lan Crozier (Christchurch, New Zealand): I 
think the point you make is absolutely correct. 
There are no data on patients who were given 
catecholamines prior to the administration of the 
antiarrhythmic drug or at least certainly not with 
flecainide. I think the term that I used is inappropri- 
ate, in fact, that it is not reversing the effect—it 
clearly is an effect that we see normally with 


isoproterenol infusion. It is perhaps not so much a 
physiologic reversal but a functional reversal of the 
effect. | 

Dr. Pedro Brugada (Aalst, Belgium): We pub- 
lished data on patients with Wolff-Parkinson- 
White syndrome and concealed accessory path- 
ways who received amiodarone. In 6 of the patients 
who had complete studies, isoproterenol com- 
pletely reversed the effect of amiodarone. 

Dr. Robert Myerburg (Miami, Florida): In a 
different clinical setting, Akhtar’s group used iso- 
proterenol to reverse the effect of other antiarrhyth- 
mic drugs in patients with inducible ventricular 
tachycardia who become noninducible in the pres- 
ence of the drug. They showed that reinduction 
was then possible with the isoproterenol infusion. 

Dr. Brugada: Maybe there is something else to 
add here and that is the effect of exercise and 
isoproterenol. They are really very different things, 
which has been shown many times by different 
groups. The first that I recall was a study that 
compared isoproterenol and exercise, which found 
that they are not the same. Isoproterenol is used to 
create an artificial situation. It does not necessarily 
mean what we believe it might mean in terms of 
exercise reversing the effects of antiarrhythmic 
drugs. Professor Furlanello, do you have any data 
on patients treated with drugs and then the pa- 
tients exercised? 

Dr. Francesco Furlanello (Trento, Italy): We 
do not use isoproterenol. We use transesophageal 
atrial pacing and an electropharmacologic test. We 
think that technique presents a better physiologic 
situation. Sometimes the patient responds, reaches 
a steady state with flecainide, but not all do. In one 
patient we used sotalol. The problem with the use 
of sotalol occurs in athletes, causing bradycardia. 
However, if you start with low doses, it is possible 
to reach in 2 weeks a sufficient dosage for control 
over the long term. 

Dr. Myerburg: I would like to point out another 
circumstance that concerns the same subject. For 
the last year and a half, ever since we published our 
data on reversal of acute proarrhythmic effects of 
flecainide and encainide with B blockade, I have 
been asked often to explain that observation in 
terms of the reversal of efficacy by isoproterenol 
from the Wolff-Parkinson-White data. I cannot do 
that. I think they are 2 totally different phenomena 
and I find no way to bring them together. One is an 
acute proarrhythmic effect and the other is a 
reversal of a steady state pharmacologic effect and 
I do not think they have any relation. 
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Effects of Flecainide on Atrial Electrophysiology 
in the Wolff-Parkinson-White Syndrome 


A. John Camm, mD, Demosthenes Katritsis, MD, PhD, and Sean O. Nunain, MD 


The effects of intravenous flecainide and pro- 
pafenone (2 mg/kg) administered in random or- 
der were compared in 16 patients with Wolff-Par- 
kinson-White syndrome. Both agents prolonged 
significantly the anterograde refractory period of 
the pathway and caused complete anterograde 
block in the pathway in 5 patients. Atrial fibrilla- 
tion was not inducible in 7 patients following both 
agents. Both drugs prolonged the minimum pre- 
excited RR interval, but this effect was signifi- 
cantly greater after flecainide than after pro- 
pafenone. At a pacing cycle length of 500 msec, 
the atrial effective refractory period was un- 
changed after flecainide, but the atrial monopha- 
sic action potential duration, and the atrial 
monophasic action potential duration of the ear- 
liest inducible atrial beat were significantly in- 
creased. These results suggest that rate-depen- 
dent prolongation of atrial repolarization does 
not occur following clinical intravenous doses of 
flecainide. The prolongation of the repolarization 
of ectopic beats may prevent induction of atrial 
arrhythmias and may also have an important role 
in the termination of atrial fibrillation. 

(Am J Cardiol 1992;70:33A—37A) 
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lecainide is a highly effective agent for the 
Re suppression of ventricular ectopic activ- 
ity, but the Cardiac Arrhythmia Suppression 
Trial (CAST) has shown that this does not trans- 
late into a beneficial effect on mortality in asymp- 
tomatic patients following myocardial infarction.’ 
The mortality among patients receiving flecainide 
or encainide was significantly greater than in those 
patients receiving placebo. These disturbing re- 
sults came at a time when the effectiveness of 
flecainide for the treatment of supraventricular 
arrhythmias, particularly atrial fibrillation, was be- 
coming increasingly apparent.?~ The results of the 
CAST study have focused attention on the difficult 
issue of iatrogenic death in patients treated with 
antiarrhythmic drugs for supraventricular arrhyth- 
mias. This problem is not confined to class IC 
antiarrhythmic agents but is an inherent risk of all 
antiarrhythmic drugs including long established 
agents. The response of many physicians has been 
to discontinue using class IC agents for all arrhyth- 
mias, both ventricular and supraventricular. An- 
other strategy of more doubtful value has been to 
use other class IC drugs, such as propafenone, 
which were not included in the CAST study, in 
place of flecainide. There are, however, very few 
data on the relative efficacy of the 2 agents for the 
treatment of supraventricular arrhythmias. In the 
first part of this article we present comparative 
data on the effects of flecainide and propafenone 
on the inducibility and safety of atrial fibrillation in 
patients with Wolff-Parkinson-White syndrome. 
The beneficial actions of flecainide in the treat- 
ment of atrial fibrillation are poorly understood. 
Early clinical electrophysiology studies showed 
that flecainide prolonged intra-atrial conduction 
with no effect on refractoriness.’ This reduction in 
conduction velocity would tend to shorten the 
wavelength (conduction velocity x refractoriness) 
of reentrant tachycardias and therefore tend to 
stabilize rather than extinguish the arrhythmia. A 
recent in vitro study has suggested that flecainide 
causes a greater prolongation of atrial repolariza- 
tion and refractoriness at rapid heart rates and that 
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this is responsible for its efficacy in the treatment 
of atrial fibrillation.’ In order to determine whether 
these results were applicable to the clinical situa- 
tion, we have assessed the rate-dependent and 
prematurity effects of flecainide on atrial electro- 
physiology in man. 


METHODS 

A total of 24 patients with symptomatic Wolff- 
Parkinson-White syndrome formed the study pop- 
ulation. Of these, 10 had presented with spontane- 
ous preexcited atrial fibrillation and the remainder 
had evidence of atrioventricular (AV) reentrant 
tachycardia. All patients gave written, informed 
consent and the protocols were approved by the St. 
George’s Hospital Ethics Committee. 

Patients were studied in the postabsorptive, 
nonsedated state after all antiarrhythmic drugs had 
been discontinued for at least 5 elimination half- 
lives. Patients who had received amiodarone within 
the previous 3 months were not included in the 
study. Multipolar electrode catheters were intro- 
duced via the right femoral and left subclavian 
veins with 1% lidocaine local anesthesia. Catheters 
were positioned in the high right atrium, right 
ventricular apex, across the tricuspid valve to 
record the His potential, and in the coronary sinus 
for left atrial mapping. 

Study A: Sixteen patients with anterogradely 
conducting accessory pathways were included in 
this part of the study. During the routine diagnostic 
electrophysiology study, the anterograde refractory 
period of the pathway was assessed using the 
extrastimulus technique at the site closest to its 
atrial insertion. Induction of atrial fibrillation was 
attempted using single extrastimuli, incremental 
atrial pacing, or burst atrial pacing down to a cycle 
length of 80 msec. The minimum RR interval was 
assessed during atrial fibrillation or during incre- 
mental atrial pacing. At the end of the procedure, 
the electrode catheters, which had been intro- 
duced via a left subclavian approach, were left in 
situ—one to pace the right ventricle and a second 
in the coronary sinus (for left-sided pathways) 
or the right atrial appendage (for right-sided 
pathways). On the following day, flecainide or 
propafenone, 2 mg/kg, was administered by intra- 
venous infusion over 10 minutes. Repeat measure- 
ments of electrophysiologic parameters were be- 
gun 20 minutes after the beginning of the infusion 
and completed by 30 minutes. After a washout 
period of at least 3 half lives, the second agent was 
administered in a similar manner and the electro- 
physiologic measurements were repeated. 


Study B: Eight patients with WPW were in- 
cluded in this part of the study and of these, 3 had 
presented with spontaneous atrial arrhythmias. At 
the end of the diagnostic electrophysiology study, a 
7 F steerable catheter with silver-silver chloride 
electrodes for monophasic action potential (MAP) 
recording combined with a bipolar pacing facility 
(EP Technologies; Mountain View, CA) was intro- 
duced via a right femoral approach and the tip was 
placed in firm apposition to the right atrial wall 
until a satisfactory MAP recording was obtained.’ 
The signal was amplified using a dedicated direct 
current coupled preamplifier with a frequency. 
response of 0-5,000 Hz (EP Technologies). This 
was then displayed on a Siemens Elema ink-jet 
recorder at a paper speed of 100 mm/sec. The 
MAP duration at 90% repolarization (MAP 90) 
was measured in all cases. This method of MAP 
recording with a contact catheter has been shown 
to indicate accurately the onset, duration, configu- 
ration, and relative changes in amplitude of the 
transmembrane action potentials of underlying 
myocardial cells.!°!! 

The high right atrium was paced at a cycle 
length of 500 msec for 3 minutes to allow stabiliza- 
tion of the MAP duration. Following this train of 
regular atrial pacing, atrial extrastimuli were intro- 
duced with increasing prematurity until atrial re- 
fractoriness was reached. The atrial effective refrac- 
tory period was assessed to the nearest 5 msec and 
was defined as the longest S1-S2 interval that 
failed to achieve atrial capture. The atrial func- 
tional refractory period was defined as the shortest 
interval between successive MAP upstrokes for any 
S1-S2. The pacing cycle length was then changed 
to a cycle length of 250 msec for 3 minutes and the 
MAP 90 was remeasured. Flecainide was then 
administered intravenously in a dose of 2 mg/kg 
and the measurements were repeated with the 
pacing cycle lengths in random order. 

Intra-atrial conduction times were measured 
from the upstroke of the MAP in the high right 
atrial trace to the upstroke of the low right atrial 
deflection on the electrode catheter recording the 
His bundle potential. 


STATISTICS 

All values are expressed as mean + standard 
deviation. Normally distributed data were com- 
pared before and after drug administration using 
paired ¢ tests. The Wilcoxon signed rank test was 
used for data that were not normally distributed. A 
p value of <0.05 was considered statistically signif- 
icant. 
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RESULTS 

Study A: FLECAINIDE: Five patients with a base- 
line refractory period of 230-340 msec showed 
complete anterograde block of their pathways. Of 
those patients showing continuing anterograde con- 
duction during atrial pacing, the refractory period 
of the pathway increased from 256 + 18 msec to 
296 + 27 msec. At baseline, 14 of 16 patients had 
inducible atrial fibrillation and 9 of these showed a 
minimum preexcited RR interval <250 msec. Fol- 
lowing flecainide, 7 patients had noninducible 
atrial fibrillation and in the remainder, the mini- 
mum preexcited RR interval during atrial stimula- 
tion increased from 225 + 37 to 301 + 31 msec 
(p <0.01). 

PROPAFENONE: The results following pro- 
pafenone were very similar, with the same 5 pa- 


tients showing complete anterograde block in the 


pathway. The refractory period of the pathway 
increased from 256 + 18 to 288 + 13 msec 
(p <0.05). Again, 7 patients had noninducible 
atrial fibrillation following propafenone, and in 
those in whom atrial fibrillation could be stimu- 
lated the minimum RR interval increased to 
262 + 22 msec (p <0.05). The magnitude of this 
increase in the minimum RR interval was greater 
following flecainide (p <0.05). 

Study B: The sinus cycle length before was 
682 + 119 msec before and 683 + 99 msec after 
flecainide. 

EFFECT ON INTRA-ATRIAL CONDUCTION: The con- 
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duction time from the high to low right atrium 
increased from 53 + 23 to 71 + 24 msec after 
flecainide (p <0.05). 

EFFECTS ON REFRACTORY PERIODS: The baseline 
atrial refractory period was 191 + 26 msec and this 
showed no significant change after flecainide, at 
201 + 25 msec. The atrial functional refractory 
period, however, showed a significant increase 
from 219 + 29 to 241 + 29 msec (p <0.05) 
(Figure 1). 

EFFECT ON MAP DURATION: The MAP 90 at a 
pacing cycle length of 500 msec was 220 + 36 msec 
at baseline, and this increased to 231 + 26 msec 
after flecainide (p <0.05; Figure 2). The MAP 90 
of the earliest inducible atrial beat (i.e., at the 
functional refractory period) was also increased 
from 172 + 38 to 192 + 30 msec (p <0.05) (Figure 3). 

Increasing the heart rate to 250 beats/min 
shortened the MAP 90 from its baseline value to 
177 + 21. However, the addition of flecainide did 
not increase the MAP duration significantly at 
182 + 19 msec. 

No arrhythmias were induced or aggravated by 
the intravenous administration of flecainide in 
either study A or study B. 


DISCUSSION 

The first part of this study clearly shows the 
potent effects of class IC antiarrhythmic agents in 
the treatment of atrial arrhythmias in patients with 
Wolff-Parkinson-White syndrome. Both flecainide 
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and propafenone caused complete conduction block 
in 5 patients, and 5 patients who had inducible 
atrial fibrillation at baseline were noninducible 
after treatment. This occurred despite aggressive 
attempts to induce the arrhythmia with burst atrial 
pacing. In a further subset of patients, preexcita- 
tion was present during atrial pacing but disap- 
peared during atrial fibrillation due to concealed 
anterograde conduction in the pathway. Nine pa- 
tients showed a minimum preexcited RR interval 
during atrial fibrillation of <250 msec at baseline 
and the accessory pathways in all of these were 
rendered “safe” by either flecainide or pro- 
pafenone. The only significant difference between 
the 2 drugs was that flecainide showed more potent 
effects in prolonging the minimum RR interval 
during atrial fibrillation than did propafenone. 
This suggests that if a class IC agent is to be given 
intravenously to convert preexcited atrial fibrilla- 
tion, then flecainide should be the treatment of 
choice. However, the differences seen in this study 
may reflect differing tissue distribution following 
an intravenous bolus and may not predict the 
relative efficacy of the 2 agents during chronic oral 
dosage. Further, the apparent marginal superiority 
of flecainide might have been offset by the use of a 
slightly higher dose of propafenone. 

The beneficial effects of both class IC agents on 
the inducibility of atrial fibrillation is impressive 
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FIGURE 2. Effect of flecainide on monophasic action po- 
tential (MAP) duration. FLEC = flecainide; PCL = pacing 
cycle length. 


given the aggressive protocol used to attempt 
induction. It is now well established that in addi- 
tion to its effects on inducibility, flecainide is an 
effective agent for both the acute conversion of 
atrial fibrillation and for its prophylaxis. In the 
second part of this study, we assessed the possible 
mechanisms of this effect. Although the population 
studied consisted of patients with Wolff-Parkinson- 
White syndrome, extrapolation of the results to a 
wider population of patients with atrial fibrillation 
is probably valid. Our data demonstrate that 
flecainide causes a modest prolongation of repolar- 
ization at a heart rate of 120 beats/min but that 
there is no increasing effect as stimulation fre- 
quency is increased. This suggests that the in vitro 
observations of Wang et al do not appear to be 
directly transferable to the clinical setting, at least 
when heart rate is increased up to 240 beats/min, 
where other factors, particularly autonomic influ- 
ences, may play an important role. 

The most pronounced electrophysiologic effect 
of flecainide at a cellular level is to block the fast 
sodium current. In addition, however, it has been 
shown to cause a modest prolongation of repolar- 
ization at slow stimulation frequencies. Recent 
work has suggested that this effect is a direct 
consequence of its sodium channel-blocking activ- 
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FIGURE 3. Effect of flecainide on monophasic action po- 


tential (MAP) of earliest inducible beat. POST = after 
flecainide; PRE = before flecainide. 
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ity and is critically dependent on the presence of 
the transient outward current. This latter current, 
which is responsible for the spike and dome config- 
uration of the action potential, is not universally 
present in all cardiac myocytes. It is found in 
mature atrial cells in adults!’ and also shows a 
differential distribution between ventricular epicar- 
dium and endocardium.'* When this current is 
blocked by 4-aminopyridine, sodium channel block- 
ade does not exert any significant effect on action 
potential duration. Pacing at rapid rates also inacti- 
vates the current and therefore flecainide would no 
longer be expected to prolong the action potential 
duration by this mechanism. 

This hypothesis is in keeping with the experimen- 
tal observations of Le Grand et al,! who showed 
that flecainide did not prolong the atrial action 
potential in cells, the morphology of which sug- 
gested an absence of transient outward current. In 
addition, flecainide lost its efficacy after 4-aminopy- 
ridine or rapid atrial pacing. In the light of current 
knowledge, the observations of Wang et al are 
difficult to explain in terms of this mechanism. 
However, an effect on the other repolarizing cur- 
rents, such as the delayed outward current Ik, 
which may only become manifest at higher concen- 
trations of flecainide than those achieved in our 
study, cannot be ruled out. Blockade of this de- 
layed outward current by flecainide has been dem- 
onstrated in vitro but the influence of stimulation 
frequency has not been established.'® 

In addition to the effects of flecainide on the 
steady state, we have shown that it markedly 
prolongs the MAP duration of the earliest induc- 
ible atrial beat. Such an effect would prolong 
repolarization following a spontaneously arising 
ectopic beat and would make the tissue more 
refractory for subsequent reentry beats, which 
would help to prevent induction of a sustained 
arrhythmia. This mechanism may well explain the 
efficacy of flecainide in the prophylaxis of atrial 
arrhythmias and may also play a significant role in 
the termination of atrial fibrillation. 


CONCLUSION 

Both flecainide and propafenone are highly 
effective agents in the treatment of patients with 
Wolff-Parkinson-White syndrome at risk from rapid 
preexcited atrial fibrillation. The 2 agents are 
similar in their effects but flecainide causes signifi- 


cantly greater prolongation of the minimum preex- 
cited RR interval. The effectiveness of flecainide in 
the treatment of atrial arrhythmias does not ap- 
pear to be due to a rate-dependent effect on atrial 
repolarization. Prolongation of repolarization times 
in response to early extrastimuli may be the basis 
not only for the effectiveness of flecainide in 
preventing atrial fibrillation, but also for its remark- 
able efficacy in terminating such arrhythmias. 
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Atrial Fibrillation in the Wolff-Parkinson-White 
Syndrome 


Adrian H. Pietersen, mp, Ellen Damgaard Andersen, mD, and Erik Sandøe, MD 


Atrial fibrillation in patients with Wolff-Parkinson- 


White (WPW) syndrome may lead to syncope, 
ventricular fibrillation, and sudden death. In a 
follow-up study of 241 patients with WPW syn- 
drome in a relatively unselected population, 26 
patients had documented atrial fibrillation (11%). 
These patients were followed up after 1—37 years 
(median 11 years; mean 15 years). During this 
period, 2 of 26 died suddenly. These 2 patients 
had the shortest RR interval during spontaneous 
atrial fibrillation (<220 msec), >1 episodes of 
syncope, and a persistent delta wave in all avail- 
able electrocardiograms. In comparison, sudden 
or tachycardia-related death was seen in 4 of the 
241 patients. This difference is not statistically 
significant. Thus, atrial fibrillation of 26 patients 
with WPW syndrome was surprisingly well toler- 
ated in our follow-up study with only 2 sudden 
deaths. 

(Am J Cardiol 1992;70:38A—43A) 
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he electrocardiogram (ECG) during atrial 
fibrillation in patients with the Wolff- 
Parkinson-White (WPW) syndrome pre- 


sents a very alarming picture. Most QRS com- 
plexes are wide and bizarre, although a few narrow 


* complexes may be seen in between. The heart rate 


is usually very rapid and the rhythm grossly irregu- 
lar (Figure 1).! In atrial flutter the rhythm is 
usually regular (Figure 2).? 

Atrial fibrillation in patients with WPW syn- 
drome may lead to syncope, ventricular fibrillation, 
and sudden death. Correct interpretation of the 
characteristic electrocardiographic pattern is a pre- 
requisite for the choice of proper treatment and 
further investigation of the patient. These patients 
are often young subjects with otherwise normal 
hearts, and the disease may be cured in most cases 
by surgery or by high frequency ablation proce- 
dures. 

The natural history of patients with WPW 
syndrome has been described in only a few series.>4 
The purpose of this review is to describe clinical, 
electrocardiographic, and electrophysiologic fea- 
tures relevant for the prognosis of WPW patients 
with attacks of atrial fibrillation. The presentation 
has been based on our own material as well as on 
other reports in the literature. 


MATERIAL AND METHODS 

Our material was collected by review of all case 
records from 1943-1980 for patients referred to 
medical department B (department of internal 
medicine with special interest in cardiovascular 
and pulmonary diseases). Further, patients from 
other medical and surgical departments and outpa- 
tient clinics were included. Of 241 patients with 
WPW syndrome, 26 (11%) had documented atrial 
fibrillation (Table I). Of these 26 patients, 17 were 
males. The median age at entrance into the study 
was 33 years (range 7-68). In 1980, a follow-up 
examination was done, 1-37 years after the diagno- 
sis (median 11 years; mean 15 years). Concomitant 
heart disease was seen in 5 of 26 patients: 3 had 
ischemic heart disease, 1 had Ebstein’s anomaly, 
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and 1 had cardiomyopathy. Thirteen of the 26 
patients had a delta-wave in all available ECG 
tracings. Besides atrial fibrillation, 16 patients had 
paroxysms of other types of supraventricular tachy- 
cardia (SVT). 


RESULTS 

Nine of the 26 patients with atrial fibrillation 
have died; however, only 2 deaths were sudden. 
One of these was a 31-year-old chronic alcoholic 
who was found dead in a hotel room abroad; he 


-o AA. 
WV VV AN 
oo 







a 
ane ane 


= 


‘S252... ~ 
as 


nnman nen ~- 
-amme seers 





iii 


2 
» 2 
r oe an aan 


Peeeeeeetteee eee 


-——88 wee 


SBCs PAEAS ARARE GREEN anms over =-—— sans 
case ance eae eee GEE aad oe ae H 


ami eee 
aO O 





TEEN ee 


iis em 


i 


RRR 
AARE ME § 
ESAERA DE 







Te 2 ek ee 2s 

SON ies AS a 

i be a aTr 
eh al DS AA 

Oa PR AMR MS E a A 

A LLANA a a 
os aD Ole Be 
ca a Ol pg eS AE E S 

Hl Fe Daas R 
ARRERA 

b ea A 

Ao E Ea as 
Ne 

ay Ree 





FIGURE 1. The electrocardiogram (ECG) in a patient with atrial fibrillation and WPW 
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had no attacks of syncope in his history even | 


though his ECGs showed a persistent delta wave, a 


short RR interval during atrial fibrillation of 160 
msec, and occurrence of other types of SVT. He 
had been treated with digoxin 125 mg twice daily. 
The other patient was a 71-year-old woman who 
had ischemic heart disease and a pacemaker im- 
planted; she had experienced several episodes of 
syncope and had several documented episodes of 
ventricular fibrillation. Her ECG showed intermit- 
tent preexcitation. She had no other types of SVT 
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syndrome. The ECG is characterized 


nd md pre seca PAn A T R Eaa Top and bottom 


halves of this figure were recorded with 26 years in between. (Reprinted with 


from Sandøe and Sigurd.*) 
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TABLE I Clinical and Electrocardiographic Characteristics of 26 
Patients with Wolff-Parkinson-White Syndrome with Atrial 
Fibrillation (Present Series) 











Shortest RR Interval During 
Spontaneous Atrial Fibrillation 














> 200 msec 
(n = 8) 


< 220 msec 
(n = 18) 







Unknown 





Ventricular fibrillation 






Syncope 5 0 3 
Constant delta wave ll 2 1 
Other SVT 9 7 





*Digitalized. 
SVT = supraventricular tachycardia. 


and the shortest RR interval was 220 msec. She 
was treated with sotalol 60 plus 180 mg daily. 

In comparison, sudden or tachycardia related 
death was seen in 4 of the 241 patients with WPW 
syndrome. This difference is not statistically signif- 
icant (p = 0.08, chi-square test with Yates correc- 
tion). 


DISCUSSION 

Incidence and natural history of atrial fibrilla- 
tion in WPW syndrome: Atrial fibrillation is much 
more frequent in patients with WPW syndrome 
and otherwise normal hearts than in a similar 
group of patients without an accessory pathway. 
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The incidence of documented atrial fibrillation 
(11%) in our patients with WPW syndrome is 
somewhat lower than in other studies (20-38%). 
This can be explained by the selection of the 
patients.** 

Determinants of atrial fibrillation: It is reason- 
able to suspect that the accessory pathway plays an 
important role in the genesis of atrial fibrillation. 
This can also be deduced from the significant 
decrease in incidence of spontaneous atrial fibrilla- 
tion in patients who have undergone surgical divi- 
sion of the accessory pathway.’® 

The importance of the conduction properties of 
the accessory pathway has been reported in several 
studies.” In a recent study by Bella et al,!° 57 
patients with overt preexcitation and 33 patients 
with a concealed accessory pathway and docu- 
mented reentry tachycardia were compared. Spon- 
taneous atrial fibrillation occurred in 54% of the 
patients with WPW syndrome but in only 3% of the 
patients with a concealed accessory pathway 
(p <0.001) (Table II). The only electrophysiologic 
parameter that discriminated between the 2 groups 
was the anterograde effective refractory period of 
the accessory pathway (Table II). The conclusion 
was that anterograde rather than retrograde con- 
duction properties of the accessory pathway are 
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TABLE II Electrophysiologic Characteristics of Patients with 
Atrial Fibrillation and an Accessory Pathway 


Overt 
Preexcitation 
(n= 57) Concealed 
Spontaneous Atrial Fibrillation Accessory 
————————_—————__ Pathway 
(n = 33) 


1 (3%) 


+ =a 


Spontaneous 31 (54%) 


atrial fibrillation 
P-LRA 
HRA-CS 
Atrial ERP 


41+/7 

73 +17 
216+ 15 
R-ERP of AP 239 + 47 249+44 253+ 43 
CL CMT 343 + 62 333 +60 363+/71 


CL CMT = cycle length of circus movement tachycardia; ERP = effective refractory 
period; HRA-CS = high right atrium to coronary sinus conduction time; NS = 
difference not significant; P-LRA = high to low right atrium conduction time; R-ERP of 
AP = retrograde ERP of accessory pathway. 

Reprinted with permission from J Am Coll Cardiol. 1° 


43 +10 
74+13 
205 + 24 


45+9 
74+ 14 
214+ 13 


critical determinants of atrial fibrillation in WPW 
syndrome. 

Ventricular fibrillation and sudden death in 
WPW syndrome: Ventricular fibrillation is a rare 
but often fatal complication in WPW syndrome. In 
our series of 26 patients with episodes of atrial 
fibrillation, ventricular fibrillation was documented 
in 2 patients and suspected in a third. However, in 
1 of the 2 documented cases it was regarded as 
secondary to digitalization. 

The rarity of ventricular fibrillation has been 
emphasized in a recent 7 center retrospective 
European study in which only 23 patients with 
spontaneous ventricular fibrillation could be col- 
lected.!! These patients were compared with 100 
consecutive patients without ventricular fibrillation 
but with symptomatic supraventricular tachycar- 
dia. Ventricular fibrillation was the first manifesta- 
tion of WPW syndrome in 6 patients. Only 1 of the 
23 patients was receiving an antiarrhythmic drug. 
In a comparison of the patients with and without 
ventricular fibrillation there were no significant 
differences in age, complaints of palpitation or 
syncope, presence of structural heart disease, retro- 
grade effective refractory period of the accessory 
pathway, atrial refractory period, or fast 1:1 atrio- 
ventricular conduction over the accessory pathway 
(Table III). 

Significant differences between the 2 groups 
were found regarding sex, permanent preexcita- 
tion, type of documented SVT, shortest RR inter- 
val during spontaneous attacks of tachycardia, 
inducibility of SVT, ventricular effective refractory 
period, shortest RR interval during induced atrial 
fibrillation, and presence of multiple pathways 
(Table IV). 

It was concluded that anterograde conduction 





TABLE Ili Comparison of 23 Patients with Spontaneous 
Ventricular Fibrillation (VF) with 100 Consecutive Patients 
without VF but with Symptomatic Supraventricular Tachycardia 


VF Control p 
(n= 23) (n= 100) Value 


Age (yr) 31 212° 35.e-19 
Complaints of palpitation (%) 100 
Syncope (%) 17 
Presence of structural heart disease (%) 39 


Retrograde ERP of the accessory 226 
pathway (msec) 


Atrial refractory period (msec) 
Fastest 1:1 AV conduction over AP (msec) 


214 
259 


AP = accessory pathway; AV = atrioventricular; ERP = effective refractory period; 
NS = difference not significant. 
Reprinted with permission from Eur Heart J. 


TABLE IV Comparison of 23 Patients with Spontaneous 
Ventricular Fibrillation (VF) with 100 Consecutive Patients 
without VF but with Symptomatic Supraventricular Tachycardia 


VF (n = 23) Control (n = 100) 


Sex (male) 87% 67% 
Permanent preexcitation 100% 77% 


Documented SVT 78% 39% 
Atrial flutter 20% 2% 
Atrial fibrillation 43% 19% 
>1 SVT 26% 4% 





Shortest RR interval <220 msec 100% (10/10) 58% (11/19) 

Inducibility of SVT 100% (15/15) 79% (66/88) 

Ventricular ERP < 190 msec 9% (1/11) 42% (28/67) 

Shortest RR-induced atrial 60% (6/10) 3% (1/31) 
fibrillation < 180 msec 

Presence of multiple pathways 27% (6/22) 4% (4/98) 


ERP = effective refractory period; SVT = supraventricular tachycardia. 


properties of the accessory pathway in WPW syn- 
drome are major determinants of the occurrence of 
ventricular fibrillation; other markers of risk were 
the type of previous SVT, >1 type of SVT, and 
multiple accessory pathways. Patients at low risk 
were characterized by intermittent preexcitation 
and shortest RR interval during spontaneous atrial 
fibrillation > 220 msec. 

Prognostic value of syncope: Syncope in pa- 
tients with WPW syndrome may be related to a 
rapid atrioventricular reentry tachycardia or to 
atrial fibrillation with a rapid ventricular response 
over the accessory pathway. However, the prognos- 
tic significance of these events is still debated. In 
our natural history of 26 patients, syncope was 
reported in 5 (missing data in 3), all of whom had 
an RR interval <220 msec during atrial fibrillation 
(Table I). 

In an evaluation by Auricchio et al’? of 101 
patients with WPW syndrome, 36 had > 1 syncopal 
episodes. There was no significant difference in the 
following clinical and electrophysiologic parame- 
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Variables in 101 Patients 





Clinical Characteristics 


Age (yr) 

Mean 85 + 16 34+ 15 

Range 3—60 9—60 
Gender 

Male 24 (67%) 43 (66%) 

Female 12 (33%) 22 (34%) 
Conduction over the accessory pathway 

Manifest 32 (89%) 60 (92%) 

Intermittent 1 (3%) 3 (5%) 

Concealed 3 (8%) 2 (3%) 
History of tachyarrhythmias 

RT 12 (33%) 23 (35%) 

Afib 8 (22%) 11 (17%) 

RT and Afib 16 (44%) 31 (47%) 

VT-VF (cardiac arrest) 10 (28%) 12 (18%) 
Incidence of arrhythmic events 

(events/month) 

RT 2.7 2.5 

Afib 0.6 0.7 
Heart rate during arrhythmia 

RT (beats/min) 188 + 35 186 + 22 

Average RR interval Afib (msec) 364 + 49 370 + 76 

SRR interval Afib (msec) 245 + 40 250 + 44 
Number of drugs by history 2.4 2.3 
Associated cardiac anomalies 

Ebstein’s anomaly 3 (8%) 1 (2%) 

MVP 7 (19%) 9 (14%) 

Others 5 (14%) 5 (8%) 
Electrophysiologic variables 
PA interval 33 +9 32: 7 
AH interval 95 + 33 91 +40 
ERP, right atrium 241 + 33 231 + 40 
ERP, AV node, ante 269 + 51 246 + 43 
ERP, AV node, retro 247 + 38 250: + 51 
ERP, accessory pathway, ante 252 + 56 246 + 54 
ERP, accessory pathway, retro 227 + 30 246 + 42. 
Right ventricle / 220 + 31 230 + 34 
ERP-AP <270 ms 24 (67%) 40 (62%) 
Induced arrhythmias 

Cycle length RT 326 + 58 333 + 46 

Average RR interval during Afib 347 + 48 366 + 43 

Minimum RR interval during Afib 249 + 48 246 + 43 

SRR-Afib <250 ms 27 (75%) 43 (66%) 





TABLE V Clinical Characteristics of and Electrophysiologic 










All values are expressed in milliseconds. None of the differences between the 2 
groups are statistically significant. 

Afib = atrial fibrillation; ante = anterograde; ERP = effective refractory period; 
MVP = mitral valve prolapse; retro = retrograde; RT = reciprocating atrial tachycardia; 
SRR = shortest RR interval during atrial fibrillation; VF = ventricular fibrillation; VT = 
ventricular tachycardia. 








ters between the groups with and without syncope: 
age; gender; incidence and characteristics of ar- 
rhythmias; clinical history; frequency of arrhythmic 
events, and presence of associated cardiac disease; 
the effective refractory period in the right atrium, 
atrioventricular node, accessory pathway, and the 
right ventricle; cycle length of the reentry tachycar- 
dia; the mean heart rate during atrial fibrillation; 
and the shortest RR interval during atrial fibrilla- 
tion (Table V).'* Neither syncope nor sudden 
death could be predicted from any electrophysio- 
logic finding (positive predictive value 37-50% and 
27-38%, respectively). The shortest RR interval 
and anterograde effective refractory period had 


better prognostic value than syncope. The conclu- 
sion from this study was in accordance with other 
studies, that syncope in patients with WPW syn- 
drome is a relatively common finding, which does 
not identify patients at risk for sudden death. 
Conversely, no electrophysiologic parameter could 
predict the occurrence of syncope, suggesting that 
other factors may play a role. 

Conclusion and clinical implications: Atrial 
fibrillation of 26 patients with WPW syndrome was 
surprisingly well tolerated in our follow-up study 
with only 2 sudden deaths (a 71-year-old patient 
with prior myocardial infarction and pacemaker 
implantation and a patient with chronic alcoholic 
consumption). , 

Atrial fibrillation is relatively common in pa- 
tients with WPW syndrome (10-30%). However, 
this arrhythmia does not predict syncope or ventric- 
ular fibrillation. 

Monosymptomatic syncope in WPW syndrome 
does not per se imply that atrial fibrillation is 
present, nor that ventricular fibrillation is more 
likely to occur, nor that an electrophysiologic 
investigation is indicated. 

Ventricular fibrillation in patients with WPW 
syndrome seems to be ruled out in most but, 
unfortunately, not all cases if there is no delta wave 
in the ECG. The best predictive parameters are a 
shortest RR interval during spontaneous atrial 
fibrillation <220 msec and during indueed atrial 
fibrillation < 180 msec, ventricular effective refrac- 
tory period <190 msec, inducibility of SVT, and 
presence of multiple pathways. 
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DISCUSSION 

Dr. Jean Leclercq (Paris, France): You ob- 
served 2 personal cases of sudden death during 
atrial fibrillation. Could you tell us a little more 
about these patients, especially whether they were 
being treated with antiarrhythmic drugs at the time 
of the death. 

Dr. Adrian Pietersen (Copenhagen, Denmark): 
The 71-year-old woman was being treated with 
digoxin and quinidine. She has been followed for, I 
think, 22 years. Several years before the event, she 
had a myocardial infarction. She was treated with 
digoxin which she actually tolerated well clinically. 
She also had quinidine. I do not know if the other 
patient was on any drug when he was found dead. 

Dr. Leclercq: In the study reported by Torner, 
the majority of patients with sudden death were 
not on drugs at the time of the death. I think it is 
very important to focus on that point. 3 

Dr. Robert Myerburg (Miami, Florida): I think 
that is an extremely important point to emphasize. 
Any of the data collected for natural history on 
Wolff-Parkinson-White (WPW) syndrome is going 
to exclude the patients in whom sudden death is 
the first manifestation. We shall never get that 
answer without screening the entire population. In 
younger individuals, it is very common to have the 
first referral based on the first electrocardiogram 
or the first symptomatic event, and if the first event 
is sudden death then it is obviously going to limit 
the value of that data. 

Participant: You showed that the refractory 
period was shortest in the anterograde direction in 
these patients with WPW and atrial fibrillation. 
Does this mean that these patients are at a higher 
risk if you give them flecainide because flecainide is 
primarily working on the retrograde limb in the 
tachycardial circuit? 

Dr. Pietersen: I do not know. 

Dr. Pedro Brugada (Aalst, Belgium): There are 
some important points to clarify. The study that 
you discussed compared patients with concealed 
accessory pathways with patients with overt preex- 
citation. The study showed that patients with overt 


preexcitation had atrial fibrillation more fre- 
quently than patients with a concealed accessory 
pathway. The real reason for it escapes our under- 
standing at the present time. It is an observation, 
however, that has also been made by other groups. 

Dr. Francesco Furlanello (Trento, Italy): I think 
that the problem is more complicated in the 
asymptomatic WPW patient. We performed transe- 
sophageal atrial pacing during effort in 100 athletes 
with preexcitation who were totally asymptomatic. 
We found that 40% had a refractory period that 
was very short. The follow-up of these 100 patients 
for 5 years showed that 40% of them may become 
symptomatic. We had 1 sudden death and 3 under- 
went surgical treatment. My conclusion is that in 
the asymptomatic patient with WPW it is better to 
perform a study during exercise. 

Dr. Brugada: These are very important com- 
ments because, as everybody knows, Professor 
Furlanello has a very extensive population of asymp- 
tomatic athletes who have undergone electrophysi- 
ologic investigation because of having a delta wave. 
In our patients who did not present with ventricu- 
lar fibrillation (VF) and were followed, we had 2 
cases of sudden death: 1 in a 24-year-old man who 
had surgery because of a concealed accessory 
pathway. He was completely asymptomatic and 
died playing ping-pong 3 years later. The second 
patient, a 42-year-old man, had an accessory path- 
way with a long refractory period in anterograde 
direction under resting conditions on electrophar- 
macologic (EP) study. He was treated with amio- 
darone without any problem, had been seen at the 
outpatient clinic just before death, and had no 
toxic effects from amiodarone. He had never had 
any suggestion of anything that could cause tor- 
sades de pointes. He was found dead in bed. So 
these are 2 patients with an accessory pathway who 
did not have any of the characteristics of the 
ventricular fibrillation. However, they died sud- 
denly of unclear causes. Was that related to the 
accessory pathway? 

Dr. Myerburg: I want to go back for a moment 
to the issue of the frequency of atrial fibrillation in 
concealed WPW. Atrial fibrillation may be trig- 
gered by retrograde conduction to the atria in the 
presence of concealed WPW. Here again, you are 
prone to a type 2 error because many of these 
children and young adults may be diagnosed as 
having paroxysmal atrial fibrillation and never get 
to an EP laboratory and we just do not know what 
the substrate is. 
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Flecainide Acetate in the Prevention of 
Paroxysmal Atrial Fibrillation: A Nine-Month 
Follow-up of More Than 500 Patients 


J. Clementy, mp, M. N. Dulhoste, mp, C. Laiter, mp, |. Denjoy, MD, and P. Dos Santos, MD 


in order to assess efficacy, safety, and long-term 


tolerance of flecainide for the prevention of par- 
oxysmail atrial fibrillation (PAF), 944 patients (555 
male) were enrolled in an open multicenter study. 
All patients had had > 1 episodes of atrial fibrilla- 
tion and were in sinus rhythm at the time of entry. 
The mean age was 65.3 + 11 years, and 43% of 
patients had no detectable heart disease. The 
mean daily dose of flecainide was 190 + 34 mg. 
Clinical examination, electrocardiogram (ECG) 
and 24-hour Holter monitoring were performed at 
entry into the study and on months 3, 6, and 9. Of 
the patients, 189 were lost to follow-up. Of the 
remaining 755 patients, 562 (74%) continued the 
treatment during the 9-month period and 193 
(26%) dropped out. A total of 84 adverse effects 
were reported in 7.6% enrolled patients and in 9% 
of patients during follow-up, with treatment inter- 
ruption in 50% of the cases. There were only 3 
minor cardiovascular side effects, all leading to 
treatment discontinuation. No deaths in patients 
with recurrent PAF and no proarrhythmic events 
were reported. Flecainide appears to be effective 
in preventing PAF, with 65% of patients being ar- 
rhythmia-free after 9 months of treatment at a 
mean daily dose of 200 mg. Side effects were 
common, but clinically significant adverse events 
were infrequent. 

(Am J Cardiol 1992;70:44A—49A) 
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r Nhe electrophysiologic effects of flecainide 
acetate on the atrium suspected since the 
first human clinical trials'* have been estab- 

lished by Pop and Treese? in humans: atrial vulner- 
ability was reduced after intravenous administra- 
tion. The drug’s efficacy in converting atrial 
fibrillation (AF) has been documented by several 
studies.*-’ However, the Cardiac Arrhythmia Sup- 
pression Trial (CAST) has demonstrated proar- 
rhythmic effects in a postmyocardial infarction 
population. It appeared important to evaluate the 
efficacy and the tolerance of flecainide in the 
prevention of paroxysmal AF, the most commonly 
encountered arrhythmia, on a large population 
with a long-term follow-up. 


MATERIAL AND METHODS 

Methodology of the trial: This open multicen- 
tric study enrolled patients > 18 years of age who 
presented at least 1 episode of documented parox- 
ysmal PAF justifying treatment in the judgment of 
the physician. The screening was done during 1989 
by cardiologists, and patients were sent to the 
arrhythmia clinic for AF conversion, if necessary, 
or clinical evaluation. They entered the trial after 
reverting to sinus rhythm either spontaneously, 
medically, or by electrical cardioversion. All pa- 
tients gave consent to participate. 

The exclusion criteria were as follows: noncon- 
senting patients, myocardial infarction of <1 year, 
second or third degree atrioventricular block or 
left bundle branch block, cardiomyopathy with 
New York Heart Association (NYHA) class III or 
[V heart failure, and drug combination with other 
antiarrhythmic agents. However, patients were al- 
lowed to continue on ß blockers, calcium antago- 
nists and digitalis. Patients with past flecainide 
failure or intolerance, or low potassium level (<3.5 
mmol/liter) were also excluded. 

Flecainide was initially started at 100 mg twice 
daily on in-hospital patients. The dose was reduced 
to 50 mg twice daily in case of NYHA class I or II 
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heart failure or creatinine serum level >15 mg/ 
liter. The dose could be modified at each visit 
according to the electrocardiogram, Holter moni- 
toring, and the clinical results. The daily dose could 
not be < 100 mg or > 400 mg. Each side effect was 
recorded, and it was noted whether it led to 
treatment discontinuation. Recurrences of sus- 
tained arrhythmias were also recorded. The treat- 
ment was discontinued in case of a PR interval 
> 0.24 sec or a ORS interval > 0.16 sec, even in the 
case of a preexisting right bundle branch block. 

Patients were examined before the inclusion to 
document that they met the protocol criteria. 
Clinical characteristics and routine laboratory tests 
were collected as well as electrocardiographic trac- 
ings of AF and sinus rhythm. Flecainide was then 
administered. Every 3 months, clinical examina- 
tion, 24-hour Holter monitoring, efficacy and safety 
evaluation, and necessary dose adjustments were 
performed on outpatients. The final evaluation was 
done during the 9-month visit. Any interfering 
event led to an additional visit with a clinical 
examination and a 12-lead electrocardiogram. 

Data were analyzed by the 2 principal investiga- 
tors (J.C. and M.N.D.) and expressed as mean + 1 
standard deviation. Clinical and electrocardio- 
graphic characteristics and Holter monitoring in 
terms of presence or absence of AF were analyzed 
and compared at inclusion time, and every 3 
months until the 9th month, which was the end of 
the study. 


RESULTS 

The results were analyzed after a 9-month 
period according to clinical and electrocardio- 
graphic data collected through Holter monitoring 
and tolerance evaluation in order to identify asymp- 
tomatic relapses or proarrhythmic events. 

A total of 944 patients were included in this 
study. There were 58.5% men and 41.5% women 
with a mean age of 63.5 years; 78% of the patients 
were between 50 and 75 years old. 

The coexisting cardiac diseases and other associ- 
ated vascular diseases are listed in Table I. In 46% 
AF was considered idiopathic. Some patients had 
more than 1 etiology. 

Coexisting noncardiac diseases are listed in 
Table II. Of the paroxysmal AF patients, 11% (105 
of 944) had coexisting noncardiac diseases. No 
patients with renal or hepatic abnormalities were 
included in the study. 

In 311 cases a particular mode of onset was 
evident, highly suggestive of catecholamine-in- 
duced AF in 183 cases (19%) or vagally induced 


TABLE I Coexisting Cardiac and Vascular Diseases in the 944 
Patients with Paroxysmal Atrial Fibrillation* 


Hypertension 262 27.8 
Mitral valve disease 128 13.6 
Other valve disease 43 4.6 
Idiopathic dilated cardiomyopathy 16 Eat 
Cardiomyopathy 7 0.7 
Documented ischemic heart disease 55 5.8 


Diabetis mellitus 


Chronic bronchopathy 
Others 


Idiopathic 





TABLE II Coexisting Noncardiac Diseases 


Cerebrovascular accident 4 0.4 
Lower limb arteritis 9 1.0 
Pulmonary embolism 3 0.3 
Kidney disease 50 3G 
Hepatic disease 39 4.1 


Total 





Dyspnea 381 48.5 
Palpitations 358 45.5 
Dizziness 74 9.4 
Chest pain, angina pectoris 70 8.9 
Asthenia 41 5.2 
Pulmonary edema 13 1.7 
Total patients 786 83% 


*Patients could have more than 1 symptom. 


AF in 128 cases (14%). No particular mode of 
onset could be identified in 66% of the patients. 
For 588 patients, the first paroxysmal AF episode 
was arrhythmia, whereas 356 had sustained at least 
1 episode of paroxysmal AF before entering the 
study. The mean number of episodes was 5.6 + 10 
and the mean yearly number of attacks was 3 + 0.39. 
Paroxysmal AF was symptomatic in 83% of the 
patients and was discovered on a routine electrocar- 
diogram or during a concomitant disorder in 17% 
of the patients (Table III). The mean ventricular 
rate during PAF was 120 + 29 beats/min and it 
was > 145 beats/min in 19% of the patients. 
Conversion to sinus rhythm was achieved by 
different means, listed in Table IV. Some patients 
required several conversion attempts. There was a 
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MINIMAL BIAS 
(Lost to follow-up : no failure) 


MEAN BIAS 
(Lost to follow-up : 50 % failures) 


WEA 
f= 
IVTAA 


success (62.7%) 


(Lost to follow-up : 100 % failures) 





FIGURE 1. Results according to the group analysis for the 
patients lost to follow-up. 


spontaneous conversion to sinus rhythm in 21% of 
the cases. 

The mean flecainide daily dose was 190 + 33 
mg; 87% of the patients received 200 mg/day and 
10% received 100 mg/day. 

Of the 944 patients included in the trial, 189 
(20%) were lost to follow-up. Of the remaining 755 
patients, 562 patients (74%) continued their treat- 
ment during the 9-month period, and 193 (26%) 


TABLE IV Conversion to Sinus Rhythm 


Amiodarone (intravenous, oral) 
Electrical conversion 


Flecainide 
Oral 
Intravenous 


Digitalis 


Other drugs 
Spontaneous 





dropped out because of a failure in 125 cases 
(64.8%), an intercurrent event in 30 cases (15.5%), 
and adverse effect in 38 cases (19.7%). 

Failures: The results can be expressed differ- 
ently depending on how the population lost to 
follow-up is analyzed. If all, or half, or none of the 
patients lost to follow-up are considered as fail- 
ures, then the number of relapses is respectively 
33.3%, 23%, and 13% (Figure 1). The success rate 
can be estimated between 62.7% and 82.8%, not 
including the treatment discontinuations. Clinical 
characteristics were analyzed in order to evaluate 
their influence on failures (Table V). Associated 
cardiomyopathy, undetermined circumstances of 
onset, long-term recurrent refractory AF, and low 
flecainide dose (<200 mg/day) were more fre- 
quently associated with recurrent attacks. The 
relapses were most frequently symptomatic. How- 
ever, paroxysmal AF was discovered during system- 
atic Holter monitoring in 9% of the cases during 
the 3rd month, in 7% during the 6th month, and in 
3% during the 9th month. 

Side effects: A total of 82 adverse effects were 
noticed in 69 patients (Table VI). In this study, 
7.6% of the patients included and 9% of the 
patients followed experienced side effects. 

Neurologic signs were most frequently encoun- 
tered (n = 30), especially dizziness (n = 12), tremor 
(n = 5), and asthenia (n = 5). Anxiety, headache, 
insomnia, and visual disturbances were also men- 
tioned, but in a smaller number of cases. Gastro- 
intestinal side effects were reported in 24 cases 
with a predominance of diarrhea (n = 10) and 
nausea (n = 7). Epigastric discomfort, abdominal 
gas, dyspepsia, and bowel transit anomalies were 
also noticed. Twenty-five patients experienced var- 
ious clinically irrelevant anomalies, consisting of 
sweating, transient dyspnea, intermittent pruritus; 
flecainide could be continued in 22 of these pa- 
tients. In two patients, leukopenia, increased creat- 
inine, and hypokalemia were noticed, and this led 
to treatment interruption. However, the relation 
with flecainide administration could not be estab- 
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lished because of the lack of information concern- 
ing the outcome of these side effects after treat- 
ment discontinuation. 

Three cardiovascular side effects were reported: 
1 case of near syncope and 2 cases of tachycardia 
(although it was ambiguous whether these were 
proarrhythmogenic runs or AF recurrences). In all 
cases, the arrhythmia had recurred and the treat- 
ment was stopped. No deaths were reported in 
patients followed for 3—9 months whether flecainide 
was stopped for intolerance or inefficacy or contin- 
ued. However, we have no data concerning the 189 
patients who dropped out during the first 3 months. 
There were no proarrhythmic events reported. 

Treatment discontinuation was required in 38 
cases, which represents 55% of the patients having 
encountered an adverse experience. No deaths 
were reported during the course of the study. 

Clinical and electrocardiographic data analysis 
before and during treatment shows no differences 
in arterial blood pressure, heart rate and QT 
interval, and significant prolongation of the PR and 
ORS intervals, indicating a good cardiovascular 
tolerance (Table VII). 


DISCUSSION 

The precise evaluation of flecainide efficacy in 
maintaining sinus rhythm after PAF conversion 
depends on the interpretation of the data for the 
patients lost to follow-up. If all of these patients 
are assumed to be in sinus rhythm and therefore 
not reporting to their physician, the 9-month suc- 
cess rate is 82%. In the opposite hypothesis where 
all the lost to follow-up patients are considered as 
failures, the 9-month success rate is 63%. Even in 
the worst hypothesis, comparison with quinidine 
controlled studies is in favor of flecainide; the 
success rate at 1 year of follow-up was 8-54%.’ Ina 
meta-analysis of 6 randomized controlled trials 
with quinidine published between 1970 and 1984, 
the proportion of patients remaining in sinus rhythm 
after AF cardioversion in the placebo group was 
45% at 3 months, 33% at 6 months, and 25% at 12 












TABLE VII Electrocardiographic Parameters and Blood Pressure Before and During Flecainide Treatment 


Systolic blood pressure (mm Hg) 142.4+ 15 141.6 + 15 141.3 +15 141.3 + 14 

Diastolic blood pressure (mm Hg) 82.3+8 81.9 + 8.4 81.4 + 7.4 81.2 + 8.9 NS 
Heart rate (bpm) 70.8 + 12.8 70.4 70.9 70.6 NS 
PR intervals 0.178 + 0.04 0.183 + 0.04 0.185 + 0.04 0.185 + 0.04 <0.01 
QRS intervals 0.084 + 0.07 0.089 + 0.03 0.089 + 0.03 0.088 + 0.03 <0.01 
QT intervals 0.386 + 0.05 0.388 + 0.05 0.387 + 0.04 0.390 + 0.04 NS 


NS = difference not significant. 






TABLE V Analysis of Factors Potentially Related to Therapeutic 
Failures 










Factors Failures (%) 





Rheumatic heart disease 


idiopathic 10,7 
Catecholamine-induced 9.3 
Vagally induced i! 


Undetermined 







First episode 
Recurrent PAF 
Refractory PAF 










Responders to previous 12.6 
antiarrhythmic drugs 

Drug conversion 
Flecainide 5.5 
Amiodarone 12.2 
Digitalis 16.1 


Electrical conversion 





Flecainide dose 
100 mg daily 18.5 
> 100 mg daily 13.2 


PAF = paroxysmal atrial fibrillation. 




















TABLE VI Side Effects During Flecainide Treatment 


Side Effects No. 








Neurologic 
Nervousness 2 
Asthenia 5 
Headache 3 
Dizziness 12 
Insomnia 3 
Tremor 5 


Visual disturbances 
Gastrointestinal 


Diarrhea 10 
Constipation 5 
Gastric Pain 2 
Nausea 7 


Cardiovascular 
Tachycardia 2 
Near syncope 1 


Miscellaneous 


Total 
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months, and 69%, 58%, and 50%, respectively, in 
the quinidine group. The success rate at 9 months 
under flecainide was 63%, which is higher than 
that obtained with quinidine at 6 months. The 
follow-up is relatively short but the literature lacks 
follow-up data over 1 year. As with other antiar- 
rhythmic agents, our findings suggest a lower effi- 
cacy in paroxysmal AF prevention in cases of 
recurrent paroxysmal AF, failure of previous other 
antiarrhythmic agents, associated cardiopathy, es- 
pecially rheumatic heart disease, difficulty in drug 
conversion of the paroxysmal AF, and low dosage 
of flecainide.!! 

Another limitation in our study is the lack of 
information concerning mortality data in the pa- 
tients lost to follow-up. No deaths were reported in 
the 755 followed patients. Of note, the 1-year 
mortality rate in the quinidine meta-analysis was 
2.9% in the quinidine group and 0.8% in the 
placebo group.!? In the CAST, the 10-month mor- 
tality rate was 5.9% in the flecainide group in 
patients with benign premature ventricular beats 
and healed myocardial infarction. In our study, the 
exclusion criteria were strict in order to avoid 
proarrhythmic and deleterious hemodynamic ef- 
fects. Cardiac adverse effects are known to be more 
frequent in cases of NYHA class III or IV conges- 
tive heart failure, bundle branch block, complex 
ventricular arrhythmia, and high dosage. In our 
study, 6 patients received 250 mg/day of flecainide, 
30 patients 300 mg, and 2 patients 400 mg. All 
other patients received lower doses. The analysis of 
the group of patients receiving >200 mg daily 
shows an increased frequency of the number of 
patients receiving >200 mg/day over time. At 
initial contact, only 1.4% of the patients received 
this dose; by the 3rd month, 1.7%; the 6th month, 
5.7%; and the 9th month, 5.8%. There was no 
parallel increase in adverse effects or dropouts at 
the 3rd month. 

However, the question about mortality remains 
unsolved for a certain number of patients lost to 
follow-up at 3 months. This point is particularly 
keen because there are no published data on the 
long-term benefit of embolic risk prevention by 
maintenance of sinus rhythm, although the clinical 
impression is in accordance with this hypothesis. 
Part of the mortality in the quinidine treated group 
can be related to QT prolongation,'* hypokalemia 
sensitivity from concomitant diuretic use," and 
digoxin interaction.'* The absence of QT prolonga- 
tion and digoxin interference are known flecainide 
characteristics.!° In our study, 29 patients were 


included with a potassium level of 3-3.4 mEq/liter 
(3.1%) and only 1 presented with a temporary 
hypokalemia <3 mmol/liter, although 98 patients 
used concomitant diuretics. However, exacerba- 
tion of ventricular arrhythmia has been described 
in patients treated with flecainide for AF.'° 

The adverse effects we report in our study have 
been extensively described in the literature.!’ They 
are mostly benign and not life-threatening. No 
organ toxicity was evident. Neurologic and gastro- 
intestinal side effects were most frequently re- 
ported, whereas no proarrhythmic effect has been 
noticed either clinically or during Holter monitor- 
ing. Adverse effects occurred early in the study and 
resulted in patient intolerance (80% in the first 3 
months) as opposed to those induced by amio- 
darone which usually appear later and are consis- 
tent organ toxicity and are less frequent (9-10% of 
cases) than those induced by quinidine. However, 
treatment discontinuation in nearly half of the 
patients reporting an adverse experience tends to 
indicate a poorer tolerance. This point has been 
emphasized previously by Puech and Gagnol.'® 

In summary, flecainide acetate appears to be 
effective in maintaining sinus rhythm after paroxys- 
mal AF conversion, with 63% of the patients 
arrhythmia-free after 9 months of treatment at a 
mean daily dose of 200 mg. Adverse effects are 
infrequent (10%) and not life-threatening, but 
often lead to treatment interruption due to patient 
intolerance. Efficacy is improved when paroxysmal 
AF is of recent onset, idiopathic, vagally induced, 
and drug convertible. Comparison with quinidine, 
a reference drug, suggests the use of flecainide 
acetate as a first-line drug in the prevention of 
paroxysmal AF. However, careful patient selection 
is a prerequisite, particularly regarding the electro- 
cardiographic parameters and hemodynamic sta- 
tus. A close follow-up during the first 3 months 
when most dropouts and side effects occur should 
improve patient tolerance. 


REFERENCES 

L. Somani P. Antiarrhythmic effects of fiecainide. Clin Pharmacol Ther 1980;27: 
464-470. 

2. Clementy J, Falquier JF, Dallocchio M, Bricaud H. A comparative study of 
sustained release quinidine and flecainide activity in the treatment of extrasysto- 
les. Med Hyg 1982;40:4353-4359. 

3. Pop T, Treese N. Effect of intravenous flecainide on atrial vulnerability in 
man. Drugs 1985;29(S4):1-6. 

4. Kappenberger J, Fromer MA, Shensa M, Cloor HO. Evaluation of flecainide 
acetate in rapid atrial fibrillation complicating WPW syndrome. Clin Cardiol 
1985;8:321-326. 

5. Crozier IG, Ikram H, Kenaly M, Levy L. Flecainide acetate for conversion 
of acute supraventricular tachycardia to sinus rhythm. Am J Cardiol 1987;59:607-— 
609. 


48A THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 AUGUST 20, 1992 


6. Assayag P, Chauvin M, Kelin JM, Brecchenmacher C. Flecainide par voie 
intraveineuse, une nouvelle methode de reduction de Ia fibrillation auriculaire. 
Ann Cardiol Angeiol 1987;36:159-161. - 

7. Borgeat A, Goy JJK, Maendely R. Flecainide versus quinidine for conver- 
sion of atrial fibrillation to sinus rhythm. Am J Cardiol 1985;58:496—498. 

8. CAST Investigators: Preliminary Report. Effect of encainide and flecainide 
on mortality in a randomized trial of arrhythmia suppression after myocardial 
infarction. N Engl J Med 1989;321:406—412. 

9. Thakur AK, Shreenivas P. Post cardioversion drug therapy in cases of atrial 
fibrillation. J Indian Med Assoc 1974;63:145-150. 

10. Coplen SE, Andtman EM, Berlin JA, Hewitt P. Efficacy and safety of 
quinidine therapy for maintenance of sinus rhythm after cardioversion. Circula- 
tion 1990;82:1106-1116. 

11. Warris E, Kreus KE, Salokannel J. Factors influencing persistence of sinus 
rhythm after DC shock treatment of atrial fibrillation. Acta Med Scand 1971;189: 
161-166. 


12. Ruskin, JN, McGovern B, Garan H, DiMarco JP, Kelly F. Antiarrhythmic 


drugs: a possible cause of out of hospital cardiac arrest. N Engl J Med 1983;309: 
1302-1306. 

13. Roden DM, Woosley RL, Primm RK. Incidence and clinical features of 
the quinidine associated long QT syndrome. Implication for patient care. Am 


Heart J 1986;111:1088-1093. 


14. Keahey EB, Reiffel JA, Drusin RE. Interaction between digoxin and 
quinidine. JAMA 1978;240:533-534. 

15. Tjandramaga GB, Verbesselt R, Venhecken A, Vanmelle P, Schlepper PJ. 
Oral digoxin pharmacokinetics during multiple dose flecainide treatment. Arch 
Int Pharmacodyn Ther 1982;260:302-303. 

16. Falk RH. Flecainide induced ventricular tachycardia and fibrillation in 
patients treated for atrial fibrillation. Ann Inten Med 1989;111:107-111. 

17. Holmes B, Heel RC. Flecainide. Preliminary review. Drugs 1985;29(S1):1- 
53, 

18. Puech R, Gagnol JP. Class IC drugs propafenone and flecainide. Cardiovas- 
cular Drugs and Ther 1990;4(S3):549-553. 


A SYMPOSIUM: SUPRAVENTRICULAR ARRHYTHMIAS 49A 





Efficacy of Flecainide for the Reversion of Acute 
Onset Atrial Fibrillation 


Karl D. Donovan, FRacP, Geoffrey J. Dobb, FFARCS, MRCP, Leigh J. Coombs, FFARACS, 
Kok-Yeng Lee, FRAcP, John N. Weekes, FFARACS, Challon J. Murdock, FRACP, and 
Geoffrey M. Clarke, FFARACS 


The efficacy and safety of intravenous flecainide 


to convert recent-onset atrial fibrillation (AF) 
(present for >30 minutes and <72 hours and a 
ventricular response > 120 beats/min) was inves- 
tigated. A total of 102 patients without severe 
heart or circulatory failure were randomized to 
receive either intravenous flecainide (2 mg/kg, 
maximum dose 150 mg; 51 patients) or placebo 
(51 patients) in a double-blind trial. Digoxin (500 
ug intravenously) was administered to all pa- 
tients who had not previously been receiving 
digoxin. The electrocardiogram was monitored 
continuously during the study. In 29 (57%) pa- 
tients stable sinus rhythm was restored within 1 
hour after flecainide and in only 7 (14%) given 
placebo (chi square 18.9; p = 0.000013; odds 
ratio 8.3; 95% confidence interval 2.9—24.8). Re- 
version to sinus rhythm within 1 hour after start- 
ing the trial medication was considered a pretrial 
end point and likely to be due to a drug effect. At 
the end of the 6-hour monitoring period, 34 pa- 
tients (67%) in the flecainide group were in sinus 
rhythm whereas only 18 (35%) in the placebo 
group had reverted (chi square 8.83, p = 0.003; 
odds ratio 3.67; 95% confidence interval 1.5—9.1). 
Significant hypotension, although short lived, 
was more common in the flecainide group. One 
patient given flecainide developed torsades de 
pointes and was successfully electrically cardio- 
verted. Flecainide is useful for the management 
of recent-onset AF both for control of the ventric- 
ular response and conversion to sinus rhythm. 
The benefits of reversion to sinus rhythm must, 
however, be weighed against potential proar- 
rhythmic and negative inotropic effects, espe- 
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cially when poor left ventricular function is 
present. 
(Am J Cardiol 1992;70:50A—55A) 


trial fibrillation (AF) is a common arrhyth- 
Ae in patients with structural heart dis- 

ease and patients with serious illness. Oc- 
casionally, AF occurs in patients with no underlying 
cardiac disease. In symptomatic patients or pa- 
tients with hemodynamic compromise, conversion 
to sinus rhythm is required. Conversion to sinus 
rhythm may occur spontaneously or require the 
administration of antiarrhythmic drugs or direct 
current shock. 

Conventional antiarrhythmic drugs such as quin- 
idine are widely prescribed to revert AF even 
though the relative benefits of treatment with such 
agents have never been substantiated in large-scale 
randomized clinical trials. Other drugs such as 
digoxin,! verapamil,” and B blockers? slow the 
ventricular response although they do not convert 
AF to sinus rhythm.'“* Flecainide, a class IC 
antiarrhythmic agent used in both ventricular and 
supraventricular arrhythmias, may revert AF. It 
slows intracardiac conduction and prolongs the 
refractory period to a lesser extent.’ Since no 
randomized controlled study with flecainide has 
been reported, we evaluated the efficacy and safety 
of intravenous flecainide versus placebo for rever- 
sion of recent-onset AF within 1 hour. 


METHODS 

Patients: A total of 104 consecutive patients 
(72 men, 30 women), mean age 60 years (range 
21-90), with recent-onset AF were included in the 
study. Recent-onset AF was defined as AF present 
for >30 minutes and <72 hours with a ventricular 
response > 120 beats/min. Exclusion criteria were: 
(1) severe heart or circulatory failure; (2) sick sinus 
syndrome, high degree atrioventricular (AV) block, 
bifacicular block or pacemaker dependence; (3) 
recent antiarrhythmic drugs (within 5 drug elimina- 
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tion half-lives); (4) uncorrected hyper- or hypokal- 
emia (>5.5 or <3.5 mmol/liter; (5) digoxin intoxi- 
cation; (6) flecainide hypersensitivity; (7) pregnancy 
or lactation; (8) age <18 years; or (9) unwilling to 
give informed consent. Before randomization, a 
complete medical history, physical examination, 
routine biochemical parameters, chest radiograph, 
and 12-lead electrocardiogram were completed. 

All patients enrolled in the study were moni- 
tored in intensive care or coronary care units. 

Treatment regimen: After informed consent 
was obtained, patients were randomized to receive 
either intravenous flecainide (2 mg/kg over 30 
minutes, maximum dose 150 mg) or a placebo. 
Digoxin (500 wg over 30 minutes intravenously) 
was administered to all patients who had not 
previously received digoxin. Patients were moni- 
tored for at least 6 hours after starting the trial 
medication. A 12-lead electrocardiogram was re- 
_ corded at 1 hour and if reversion to sinus rhythm 
occurred. Reversion was considered to be drug 
related when it occurred within 1 hour of starting 
the trial medication. 

If sinus rhythm was not restored by the end of 
the 6-hour monitoring period, the patients were 
treated as directed by their physicians. 

Statistics: Odds ratios and 95% confidence 
intervals (CI) for differences in proportions were 
calculated using standard methods. The SAS com- 
puter statistical package’ was used for analysis of 
the results with estimate of chi square (Fisher’s 
exact test when the number in each treatment 
group was <20) for difference in proportions, and 
use of analysis of variance by the GLM procedure!” 
for groups of unequal size, and Tukey’s method!! 
for multiple comparisons. Wilcoxon’s rank sum test 
~ was used to compare the times to reversion to sinus 
rhythm because these were not normally distrib- 
uted. Statistical significance equates with a p value 
<0.05 where not stated. 


RESULTS 

Of the 104 patients who were randomized, 2 
patients (1 with atrial flutter and 1 treated within 5 
hours with mexiletine) were excluded, leaving 102 
patients in the study. There were 53 patients who 
had recently undergone cardiac surgery (41 coro- 
nary artery bypass graft, 9 valve replacements, 3 
other thoracic operations), 15 patients with isch- 
emic heart disease (10 unstable angina, 5 acute 
myocardial infarction), and 34 miscellaneous pa- 
tients (15 idiopathic AF, 2 hyperthyroid, 3 alcohol 
associated, 14 critically ill with a variety of illnesses 
such as pneumonia and multiple trauma). There 






Flecainide—Digoxin Placebo—Digoxin 


TABLE I Baseline Patient Data 





Age (yr) 61+13 59 +11 
Potassium (mmol/liter) 4.1+0.5 4.0 + 0.4 
Duration of AF (hours) 8.7 + 13 (1—60) 7.3 + 9 (1—48) 
Ventricular rate (beats/min) 145 + 19 147 + 22 
Systolic pressure (mm Hg) 118 +17 122 17 


AF = atrial fibrillation. Numbers in parentheses = range. 


were no significant differences in mean age, plasma 
potassium concentration, duration of AF, ventricu- 
lar rate, and systolic blood pressure immediately 
before trial drugs were given between the groups 
(Table I). There were 3 randomized patients, all in 
the placebo-digoxin group, who reverted to sinus 
rhythm before starting the trial drug infusion. 
These are included in the placebo-digoxin group 
on an “intention to treat” basis. 

Reversion to sinus rhythm: Of the patients 
given flecainide—digoxin, 29° (57%) reverted to 
sinus rhythm within 1 hour, but only 7 (14%) of 
those given placebo reverted (odds ratio 8.3; 95% 
CI 2.9-24.8; chi square 18.9; p = 0.000013). Of the 
remaining patients given flecainide, 5 (23%) and 
11 of those given placebo (22%) reverted to sinus 
rhythm between 1 and 6 hours after starting the 
trial medication (odds ratio 0.88; 95% CI 0.22- 
3.39; difference not significant). By the end of the 
6-hour monitoring period, 34 patients (67%) given 
flecainide were in sinus rhythm, but only 18 (35%) 
of those given placebo (odds ratio 3.67; 95% CI 
1.5-9.1; chi square 8.83, p = 0.003). The mean time 
from start of the trial drug infusion to reversion to 
sinus rhythm when this occurred was 53 minutes in 
the flecainide group compared with 150 minutes in 
patients given placebo (p = 0.04) (Figure 1). 

Results in patient diagnostic groups are summa- 
rized in Table II. There were 15 patients with 
idiopathic (lone) AF. Six were in the flecainide 
group, 4 reverting to sinus rhythm in the first hour, 
whereas only 1 of the patients with idiopathic AF 
in the placebo group reverted to AF in this time 
(p = 0.047). Thirteen patients were already receiv- 
ing digoxin at the time of entry to the trial and did 
not receive digoxin at the time of infusion of 
flecainide or placebo. Reversion to sinus rhythm 
occurred in 2 of 8 given flecainide and 1 of the 5 
given placebo in the first hour (difference not 
significant). 

Ventricular rate: [n both groups the ventricular 
rate decreased significantly with time. The re- 
sponse was more rapid in patients given flecainide. 
The ventricular rate was significantly less after 10 
minutes in the treatment group and after 30 
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TABLE II Results in the Subgroups 


Reversion After 





Flecainide—Digoxin Placebo—Digoxin p Value 
Odds Fisher’s 
Early Not Early Early Not Early Chi-Square p Value Ratio 95% Cl Exact Text 
Cardiothoracic 16 10 5 22 8.5 0.0035 7.0 1.7—30.4 — 
Noncardiothoracic 13 12 2 22 9.0 0.003 11.9 2.0—60.0 — 
Coronary artery disease 4 4 0 — -— — -— 0.051 
Other subgroups 9 8 2 15 4.8 0.03 8.4 1.2—56.4 0.047 


Cl = confidence interval 


minutes in the placebo group. The mean ventricu- 
lar rate was significantly slower in the patients 
given flecainide at all times between 10 and 330 
minutes. This was a result of both flecainide 
(p <0.001) and the effect of reversion to sinus 
rhythm (p <0.001), i.e., flecainide significantly 
slowed the ventricular rate whether or not patients 
reverted to sinus rhythm. 

Adverse effects: Severe hypotension (i.e., a 
decrease in systolic arterial pressure by 33% or 
more) occurred in 11 (22%) patients given flecain- 
ide and 3 (6%) patients given placebo (odds ratio 
4.4; 95% CI 1.03-18.6; chi square 4.1; p = 0.04). 
Overall, systolic pressure was significantly reduced 
in patients given flecainide (Figure 2) despite 
reversion to sinus rhythm being associated with a 
significantly higher systolic pressure than continu- 
ing AF. The lowest systolic pressure, 70 mm Hg, 
occurred in a patient given placebo-digoxin. Hypo- 
tension was usually of short duration and only 5 
patients required active treatment, 4 of whom had 
been given flecainide. 

One patient in the flecainide-digoxin group with 
no history of ventricular arrhythmia and with a 
normal QT interval developed torsades de pointes. 


Synchronized direct current cardioversion resulted 
in sinus rhythm, but the patient was considered a 
therapeutic failure when analyzing the trial results. 

Subsequent course: There were 7 deaths be- 
tween discharge from the intensive or coronary 
care unit and hospital discharge. Five patients had 
received flecainide—digoxin and 2, placebo—digoxin 
(difference not significant). On review, none of the 
deaths could be directly related to drug treatment , 
or AF. 

PATIENTS IN ATRIAL FIBRILLATION AT THE END 
OF 6-HOUR STUDY PERIOD: Fifty patients did not 
revert during the trial. In the placebo group, 10 of 
12 patients treated with flecainide after the trial 
reverted to sinus rhythm. Only 1 of 5 patients in the 
flecainide—digoxin group reverted with flecainide 
after the trial. At the time of discharge from the 
hospital 34 of the 50 patients were in sinus rhythm. 
Fourteen remained in AF and 2 were discharged in 
atrial flutter. 

PATIENTS IN SINUS RHYTHM AT THE END OF 
6-HOUR STUDY PERIOD: All 52 patients who re- 
verted to sinus rhythm during the study period 
were in sinus rhythm at the time of discharge from 
hospital. 


Flecainide 


FIGURE 1. Reversion to sinus 
4 rhythm with time. 
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DISCUSSION 

Spontaneous reversion of AF to sinus rhythm is 
common. Falk et al! reported reversion of 44% in 
the placebo group within 24 hours, and Rawles et 
al!? suggested that the spontaneous reversion rate 
may be as high as 90% within 30 minutes of the 
onset of AF. Trials evaluating the efficacy of 
antiarrhythmic drug therapy in reversion of AF to 
sinus rhythm therefore need to have a control 
group. 

Various antiarrhythymic drugs have been used 
to revert AF to sinus rhythm. Digitalis does not 
increase the likelihood of reversion. Falk et al! in a 
small randomized controlled study reported a simi- 
lar reversion rate in the placebo group as in the 
digoxin-treated group. Moreover, digoxin may in- 
crease the duration of episodes of paroxysmal 
AF. Similarly, calcium antagonists such as vera- 
pamil and diltiazem appear to be ineffective at 
restoring sinus rhythm, and they probably sustain 
AF.>4 They do, however, control the ventricular 
rate unless there is an accessory pathway. Class IA 
drugs such as quinidine," procainamide,'* and 
disopyramide!> may be effective in the pharmaco- 
logic reversion of AF, although these agents have 
not been subjected to randomized clinical trials. 
Because of their vagolytic effects, such drugs may 
enhance AV nodal conduction leading to an in- 
creased ventricular rate in AF. Uncontrolled stud- 
ies have suggested that class III antiarrhythmic 
agents such as amiodarone!®!8 and sotalol’? may 
be effective in reverting recent-onset AF. 

This study demonstrates the effectiveness of 
intravenous flecainide for reverting acute AF to 


FIGURE 2. Systolic blood pres- 
sure (SBP) for all patients. 
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sinus rhythm. The results of this trial compare 
favorably with other controlled trials of newer 
antiarrhythmic agents for acute AF.7??! Compara- 
tive studies?” of flecainide and propafenone (an- 
other class IC agent) suggest that flecainide is more 
effective than propafenone for reversion of AF. 

All patients in this trial received digoxin. It is 
unlikely, however, that digoxin significantly af- 
fected the outcome of the study. Uncontrolled 
trials reported similar reversion rates to our pa- 
tients given flecainide and digoxin.**”’ The efficacy 
of flecainide in reverting recent-onset AF is empha- 
sized by a reversion rate of > 80% in the placebo 
group (10 of 12) who were given flecainide at the 
direction of their physicians after the trial. 

In our study, a single intravenous dose of 
flecainide and digoxin slowed the ventricular rate 
significantly more than digoxin alone, although this 
difference was no longer apparent by the end of the 
6-hour monitoring period. Ventricular slowing took 
place whether or not reversion to sinus rhythm 
occurred. Adverse effects such as hypotension 
(22% vs 6%) and proarrhythmia were more com- 
mon in those patients given flecainide. Flecainide 
should not be given to patients with impaired left 
ventricular function,”* since it may depress cardiac 
function further and promote supraventricular and 
ventricular proarrhythmic effects.” The occur- 
rence of torsades de pointes in a patient with 
normal left ventricular function given flecainide in 
our study is unusual, although flecainide-induced 
ventricular tachycardia and ventricular fibrillation 
in patients with normal left ventricular function 
have been reported previously.*! Our patient was 
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successfully electrically cardioverted, with restora- 
tion of sinus rhythm. 

AF associated with hemodynamic deterioration 
is best treated by electrical cardioversion. In a less 
urgent situation when the patient is stable, at- 
tempts may be made to convert AF to sinus rhythm 
or to slow the ventricular rate with drug therapy. 
Flecainide is a useful drug for converting recent- 
onset AF, although its use should be avoided in 
patients with significant cardiac depression. The 
risk of adverse effects must be weighed against the 
presumed benefits of restoration of sinus rhythm. 
Cardioversion using flecainide should always be 
performed by experienced medical personnel with 
appropriate monitoring and resuscitation facilities. 
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DISCUSSION 

Dr. J. Herre Kingma (Nieuwegein, The Nether- 
lands): I have a comment and a question. First I 
want to emphasize that one should make a clear 
distinction between your group of patients who are 
in the hospital postoperatively compared with the 
patients in the outpatient clinic with atrial fibrilla- 
tion. Usually, those patients have waited at home 
for many hours with their attacks of atrial fibrilla- 
tion—so many of them had a spontaneous rever- 
sion to sinus rhythm at home. I do not have the 
exact figures of our group but I am sure that the 
number of patients spontaneous reverting after 
failure on drugs is much lower than what you 
describe. My question is, in your strategy do you 
use B blockers as a prophylactic treatment after 
coronary artery bypass grafting? 

Dr. Kari Donovan (Perth, Australia): We do not 
use prophylactic B blockers. I am aware that there 
are trials suggesting that these are effective. There 
is also recently a trial suggesting that amiodarone 
loading may be effective in the reduction of arrhyth- 
mias after cardiac surgery as well—but we do not 
use them. We have a spontaneous incidence of 
30—40% in our hospital, and we have not used B 
blockers or sotalol for the last 2 years. 
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Participant: I was very impressed by your lec- 
ture. I was a little disappointed about your strategy, 
because it seemed for me that you solved the easy 
questions. The first two are fairly easy because you 
just had to wait. I cannot see that you solved the 
last question, however, because you give the direct 
current shock, but 5 minutes afterward you still 
have a patient with a bad left ventricle who is in 
atrial fibrillation. What do you then? 

Dr. Donovan: [ think that we would give amio- 
darone to patients such as that—in the hope of 
preventing the recurrence of the atrial fibrillation. 
Another drug that could easily be used for preven- 
tion would be sotalol. 

Participant: Do you really think that sotalol is 
appropriate with poor left ventricular function? I 
would think that you might consider digoxin and 
what it can do in the third situation. It seems to be 
an excellent drug because, if you wait, in some 
hours’ time it will lower the ventricular rate and 
` bring the patient into a better condition. At the 
same time, it has some inotropic effect. 

Dr. Donovan: I am not entirely convinced that 
digoxin will lower the ventricular rate at the onset 
of atrial fibrillation in a situation in which there 
may be overwhelming sympathetic activity. I know 


that in the long term it will, but there is good 
evidence, as you probably know, with regard to 
exercise that digoxin does not appear to control the 
ventricular response. In the sort of patients at least 
that we see, digoxin may not be effective in this 
situation. We will not know about that until our 
next trial is finished (digoxin versus placebo). 

Dr. Camm: It seems to me that there is plentiful 
accumulating evidence, and perhaps we have had 
plentiful evidence for some time, that digoxin is of 
very little value as usually given for the manage- 
ment particularly of postoperative atrial fibrilla- 
tion. I think flecainide, sotalol, disopyramide, ami- 
odarone, and others are all better. Yet cardiac 
surgeons and presumably cardiologists who advise 
them persist in using digoxin. 

Dr. Robert Myerburg (Miami, Florida): I like 
very much the strategy that you have developed for 
this particular subset of patients. As Dr. Kingma 
pointed out, you do not want to confuse this group 
with patients who had atrial fibrillation at home 
and then showed up 3-4 hours later. I think this 
strategy would not apply in the same way to the 
type of patients Dr. Kingma was referring to. I 
think it is very important because very few people 
have studied this specific issue. 
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Acute Pharmacologic Conversion of Atrial 
Fibrillation and Flutter: The Role of Flecainide, 
Propafenone, and Verapamil 


J. Herre Kingma, MD, PhD, and Maarten J. Suttorp, MD 


Efficacy and safety of intravenous flecainide (2 


mg/kg body weight in 10 minutes), verapamil (10 
mg in 1 minute), and propafenone (2 mg/kg body 
weight in 10 minutes) were investigated in 90 
consecutive patients with atrial fibrillation (AF) or 
flutter (AFL). In the first 40 patients, flecainide 
and verapamil were evaluated; in the second 50 
patients, flecainide and propafenone were com- 
pared, both in a single-blind randomized study 
design. The primary end point was sinus rhythm 
occurring within 1 hour after start of infusion. Si- 
nus rhythm was attained in 32 of 37 patients 
(86%) with AF treated with flecainide and in 11 of 
20 patients (55%) with AF treated with pro- 
pafenone. In recent onset AF (<24 hours) conver- 
sion rates were 24 of 25 patients (96%) in the 
flecainide group and 8 of 14 patients (57%) in the 
propafenone group (p <0.05). Conversion of AFL 
occurred in only 1 of 8 patients (13%) in the 
flecainide-treated patients and in 2 of 5 patients 
(40%) treated with propafenone (difference not 
significant). Verapamil was almost ineffective, 
since only 1 of 20 patients (5%) responded within 
1 hour. Time to conversion was 21 + 17 minutes 
in the flecainide group and 16 + 10 minutes in 
the propafenone group. QRS widening occurred in 
flecainide-treated patients (83 + 15 to 99 + 20 
msec; p <0.001), but not after propafenone 

(83 + 11 to 86 + 12 msec). Significantly higher 
plasma levels were found in patients with conver- 
sion within 1 hour using propafenone. Adverse 
reactions were more frequent in the flecainide 
group (31%) compared with the propafenone 
group (8%; p <0.01). Conversion by class IC 
drugs may be preferable to direct current cardio- 
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version or oral quinidine, usually requiring hospi- 
talization. 
(Am J Cardiol 1992;70:56A—61A) 


common sustained tachyarrhythmia in hu- 

mans and is frequently associated with very 
disturbing symptoms. About half of the patients 
with paroxysmal AF do not show an evident etiol- 
ogy, whereas the less frequently occurring paroxys- 
mal atrial flutter (AFL) is usually associated with 
some form of structural heart disease. 

Acute therapy of paroxysmal AF or AFL may 
consist of control of the ventricular response, 
which can be achieved by various drugs, such as 
digoxin, verapamil, or B-adrenergic blocking agents. 
Restoration of sinus rhythm can be obtained either 
by direct current countershock or by pharmaco- 
logic conversion in selected patients. This can only 
be obtained safely when the underlying cause of 
the disease, if detectable, is adequately treated. 

We investigated the potential value of flecainide 
and propafenone, both class IC antiarrhythmic 
drugs, and the calcium antagonist verapamil for 
their ability to convert AF and AFL to restore sinus 
rhythm in patients after paroxysmal AF or AFL. 


Permon atrial fibrillation (AF) is the most 


METHODS 

Patients: Ninety consecutive patients (67 men 
and 23 women) with a mean age of 59 + 14 years 
were entered into the study. Baseline characteris- 
tics of all patients are summarized in Table I. 
Criteria for selection were AF or AFL lasting <6 
months with a ventricular rate > 100 beats/min at 
rest and no signs of heart failure. Patients with any 
previously documented or suspected conduction 
disturbances of more than first degree atrioventric- 
ular (AV) block, concomitant therapy with class I 
antiarrhythmic drugs, Wolff-Parkinson-White syn- 
drome, sick sinus syndrome, acute myocardial in- 
farction, hyperthyroidism, cardiac surgery within 2 
weeks before the study, left atrial enlargement with 
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AF or AFL lasting >2 days without appropriate 
anticoagulant therapy, electrolyte imbalance, and 
body weight > 100 kg were excluded. 

Treatment protocol: Patients were observed 
for at least 30 minutes before administration of 
flecainide, verapamil, or propafenone. During this 
time, baseline measurements including physical 
examination, routine. biochemistry, chest radio- 
graph, and a 12-lead electrocardiogram were per- 
formed. After informed consent, the first 40 pa- 
tients were randomly allocated to either flecainide 
or verapamil, the second 50 patients to either 
flecainide or propafenone. Flecainide acetate and 
propafenone hydrochloride were both adminis- 
tered intravenously at a dose of 2 mg/kg body 
weight, in 10 minutes. Verapamil was administered 
as a fast intravenous bolus injection of 10 mg in 1 
minute. In the comparison of flecainide and pro- 
pafenone plasma samples were collected at 20 and 
60 minutes and, if appropriate, at the time of 
conversion to sinus rhythm. 

During 1 hour after administration of each drug, 


the patient’s rhythm was monitored continuously. 


The primary end point of the study was successful 
conversion to sinus rhythm within 1 hour after start 
of the infusion. When verapamil was the study 
drug, patients who did not convert within 1 hour 
were subsequently treated with intravenous flecain- 
ide and again observed for another hour. Patients 
who did not convert to sinus rhythm were subjected 
to electrical cardioversion or oral loading with 
quinidine, depending on the severity of symptoms. 
If not carried out at baseline, 2-dimensional echo- 
cardiography was performed within 4 weeks after 
the study. 

Statistics: Mean values + standard deviations 
were used for continuous variables and were ana- 
lyzed by means of the Student’s f test. Analysis was 
performed by the Student’s ¢ test for unpaired or 
paired variables. Discontinuous variables were com- 
pared using chi-square or Fisher’s exact test where 
appropriate. 


RESULTS 

Patient characteristics: Clinical characteris- 
tics listed in Table I were comparable in the 3 
treatment groups. In the study, 74 patients had 
paroxysmal AF versus 16 patients with AFL. The 
arrhythmia was of recent onset ( <24 hours) in 56 
patients. The remaining 34 patients had a long- 
standing (>24 hours) arrhythmia (23 AF and 11 
AFL). 

Sinus rhythm within 1 hour: Sinus rhythm after 
AF was attained in 32 patients (86%) after treat- 


TABLE I Clinical Baseline Characteristics of Study Patients* 


Propafenone Flecainide Verapamil 
(n= 25) © (mn=45) (n= 20) 
61+ 13 

19/6 
141 +21 
20/5 
14/2 


59214. 57.2 11 
35/10 13/7 
131 + 25. 134+ 18 
37/8 17/3 
25/2 12/1 
48 +6 51+6 
36+6 33 +8 

12/6 


Mean age (yr) 
Sex (male/female) 
Mean heart rate at entry 
Patients with AF/AFL 
Patients with AF/AFL <24 hours 
Chest radiograph (mean %CTR) 47+/7 
Mean left atrial size (mm) 37:7 
Previous AF/AFL 8/1 
Etiology 
No cardiac disease 1 1 
Hypertensive heart disease 
Coronary artery disease 
Pulmonary disease 
Valvular heart disease 
Other 
Concomitant drug treatment 
Digoxin 
B Blocker 
Calcium antagonists 


*p = not significant. 
AF = atrial fibrillation; AFL = atrial flutter; CTR = cardiac thoracic ratio. 





ment with flecainide, in 11 patients (55%) after 
treatment with propafenone, and in only 1 patient 
(6%) initially treated with verapamil. Conversion 
to sinus rhythm in patients with AFL occurred only 
once after flecainide (13%), twice after pro- 
pafenone (40%), and never after treatment with 
verapamil. Conversion rates to sinus rhythm strati- 
fied for recent onset or longstanding are listed in 
Table II. In patients with recent onset AF flecainide 
was successful in all but 1 patient (96%). In 15 
patients with AF, flecainide was used after failure 
of verapamil, of whom 9 patients (60%) then 
converted to sinus rhythm. The remaining 4 pa- 
tients initially treated with verapamil had AFL, in 
all of whom flecainide failed. The numbers of this 
verapamil/flecainide group are not included in 
Table II. The mean time to conversion after 
infusion of flecainide was 21 + 17 minutes, and it 
was 16 + 10 minutes after infusion of propafenone 
(difference not significant). 

Ventricular rates: All nonconverted patients 
showed a significant decrease in heart rate 1 hour 
after start of infusion of the study drug, which was 
most apparent in patients treated with verapamil. 
Ventricular rates decreased after verapamil, 
flecainide, and propafenone, respectively, from 
134 + 18 to 84+ 16 (p <0.001), 138 + 23 to 
101 + 21 (p <0.0001), and 133 + 27 to 116 + 36 
beats/min (p <0.05). 

ECG measurements: In the flecainide-treated 
patients the QRS interval increased significantly 
from 83 + 15 to 99 + 20 msec (p <0.001), which 
was paralleled by a significant decrease in QT, in- 
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TABLE Il Conversion to Sinus Rhythm after Intravenous 
Flecainide and Propafenone 


AF 


Recent Onset 
(<24 hr) 


Longstanding 


(> 24 hr) Total 


Flecainide 24/25 (96%)* 8/12 (67%)t 32/37 (86%)¢ 1/8 (13%)t 
Propafe- 8/14(57%)  3/6(50%) 11/20(55%) 2/5 (40%) 
none 

*P <0.005, compared with propafenone. 

t Difference not significant. 

tp <0.002, compared with propafenone. 

AF = atrial fibrillation; AFL = atrial flutter. 


TABLE IlI Adverse Reactions on Flecainide or Propafenone 
Infusion 


Flecainide 
(n = 64) 


Propafenone 
(n = 25) 

Dizziness 

Paresthesia 

Dryness of mouth 


Short-lasting hypertension 


Transient conduction disturbances 


Left bundle branch block 
Junctional escape rhythm 
Sinus arrest 


Total 22 (31%) 


2 (8%) 


terval from 465 + 57 to 427 + 55 msec (p <0.003). 
Propafenone-treated patients did not show any 
significant increase of QRS or QT, interval. The 
AFL cycle length improved both after flecainide 
and propafenone from 216 + 22 to 272 + 59 msec 
and 200 + 28 to 244+ 46 msec, respectively 
(p <0.05 for both drugs). 

Cardiothoracic ratio and left atrial dimen- 
sions: The mean cardiothoracic ratio derived from 
chest radiograph was 0.47 + 0.05 in patients with 
AF in whom sinus rhythm was attained compared 
to 0.48 + 0.06 in nonconverted patients (difference 
not significant). In patients with AFL these values 
were 0.50 + 0.05 and 0.47 + 0.06 (difference not 
significant). The mean left atrial size in patients 
with AF was 36 + 6 mm in the converted group 
and 36 + 9 mm in the nonconverted group. Pa- 
tients with AFL in whom sinus rhythm was attained 
had a left atrial size of 39 + 3 mm compared to 
38 + 4mm in nonconverted patients. 

Adverse reactions: No adverse reactions were 
observed following verapamil infusion. Treatment 
reactions were predominantly observed following 
flecainide infusion in 22 of 64 patients (31%) and 
following propafenone infusion in 2 of 25 patients 
(8%). The numbers regarding flecainide also in- 
clude patients who were initially treated with 
verapamil. The nature of the adverse reactions is 
specified in Table III. 








Plasma levels of propafenone and flecain- 
ide: Mean plasma levels at the time of conversion 
to sinus rhythm of propafenone were 1.15 + 0.58 
mg/liter compared with 0.63 + 0.41 mg/liter in 
nonconverted patients (p <0.02). This difference 
in plasma levels was still significant after 1 hour _ 
(p <0.05). Also in the flecainide group plasma 
levels at 20 minutes after start of infusion were 
substantially higher in responders (0.40 + 0.13 mg/ 
liter) as compared to nonresponders (0.28 + 0.13 
mg/liter). However, this difference was not signifi- 
cant due to the limited number of nonconverted 
patients after flecainide. The course of plasma 
levels is represented in Figure 1. 


DISCUSSION 

Our findings, which are an expansion of our 
earlier experience,'? indicate that recent onset 
paroxysmal AF but not AFL in patients with 
uncompromised left ventricular function can be . 
managed very well with class IC antiarrhythmic 
drugs, particularly using flecainide, with an accept- 
able incidence of adverse reactions. However, AFL 
seems less amenable for intravenous treatment 
with antiarrhythmic drugs, although propafenone 
may be somewhat more effective. Verapamil was 
almost ineffective for conversion of AF or AFL, 
since only 1 patient converted to sinus rhythm 50 
minutes after the administration of verapamil. 
Therefore the verapamil group could even be 
considered as a control group for spontaneous 
conversion to sinus rhythm during the first hour. 
The lack of efficacy of verapamil is probably the 
consequence of the lack of electrophysiologic ef- 
fect of this drug on the atrial myocardium. Its 
widespread use in attacks of paroxysmal AF aiming 
at restoration of sinus rhythm is not justified in 
view of our observations. 

Almost all patients (96%) showed conversion to 
sinus rhythm following flecainide when the drug 
was administered to patients with recent onset AF. 
Efficacy decreased substantially when AF was long- 
standing, in which group we observed a conversion 
rate of 67%. The very high overall conversion rate 
of 86% achieved by flecainide is in agreement with 
reports from other authors.*° Clearly, the overall 
efficacy of propafenone was lower with a mean 
conversion rate of 55%; however, there was not a 
significant difference between recent onset and 
longstanding AF. Although the number of observa- 
tions is small, propafenone seems somewhat more 
effective in the treatment of AFL, since we found a 
conversion rate of 40% in these patients. Bianconi 
et al® found an overall conversion rate of 62% in 
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AF and 33% in patients with AFL. A much lower 
conversion rate of 43% was found by Connolly et 
al’ in patients with AF following cardiac surgery. 

There was a significant QRS widening in the 
flecainide group, which was not observed in the 
propafenone-treated patients. This may indicate 
that a somewhat different mechanism of action 
may be responsible for the clearly higher efficacy of 
flecainide in paroxysmal AF. Since widening of the 
ORS interval largely represents conduction slow- 
ing in the ventricular myocardium, this outspoken 
effect of flecainide on conduction may also explain 
its absolute lack of efficacy in AFL. 

The low efficacy rate of class IC antiarrhythmic 
agents in the conversion of AFL as contrasted to 
AF in this study is remarkable. Both types of 
arrhythmia are considered to be based on some 
form of reentry. The main difference is that in AFL 
a single circuit with an excitable gap is in opera- 
tion,>!"” whereas in AF, multiple wavelets exist 
synchronously.'!!* Based on the concept of wave- 
length, which is the product of refractory period 
and conduction velocity,!* termination and preven- 
tion of these reentrant arrhythmias could be ex- 
plained by a critical increase in the minimal circuit 
size.!415 AF flecainide, and also propafenone, pri- 
marily decreases conduction velocity without sub- 
stantial effect on atrial refractoriness. This would 
imply that these drugs would rather decrease 


FIGURE 1. Mean plasma levels 

( + standard error of the mean) in 
patients with atrial fibrillation 
converted to sinus rhythm after 
propafenone (/\) and flecainide 


and flecainide (@). Double sym- 
bols (©) indicate plasma levels at 
the time of conversion. Note that 
mean plasma levels after 10 min- 
utes in patients converted to si- 
nus rhythm are about twice the 
levels of nonresponders. 


10 


Propafenon or flecainide 


wavelength, even promoting AFL. However, it is 
unlikely that the mechanism of block by a critical 
increase in wavelength is in operation in AF during 
treatment with class IC drugs, whereas loss of 
conduction and subsequent extinction of the wave 
front as a consequence of the rate-dependent 
decrease in conduction velocity by class I agents is 
more probable.'® Interestingly, we recently found a 
very high efficacy of the new selective class III 
agent dofetilide (UK-68,798) in patients with par- 
oxysmal AFL." This observation may be explained 
by a substantial increase in atrial refractoriness as a 
result of treatment with this drug. Further compar- 
ison of these drugs with opposite electrophysio- 
logic actions may provide new insights into the 
mechanisms of termination in reentrant tachycar- 
dias and the wavelength concept. 

The difference in conversion rates of flecainide 
and propafenone may also be explained by the 
pharmacokinetic behavior of flecainide. As we 
showed, plasma levels at 20 minutes in successfully 
converted patients were almost twice as high as the 
plasma levels of patients without conversion. It 
seems that high plasma levels, albeit very short- 
lasting, are a definite prerequisite to attain suffi- 
ciently high atrial tissue levels for early conversion 
to sinus rhythm. The observed number of nonre- 
sponders and correspondingly lower plasma levels 
in the propafenone-treated patients may also ex- 


A propafenon SR A propafenon no conversion 
O flecainide SR @ flecainide no conversion 


conversion time (16+4 min) 
© conversion time (183 min) 


all values t S.E.M. 


20 
Minutes after start of infusion 


Infusion (2 mg/kg/10 min) 
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plain the much lower incidence of adverse reac- 
tions. Therefore, it cannot be excluded that both 
on the basis of pharmacokinetic and pharmacody- 
namic behavior the optimal effective dose of pro- 
pafenone was not reached in this study. Either a 
faster rate of infusion or a higher dosage or both 
leading to sufficiently high atrial tissue levels may 
be mandatory for a higher efficacy. Therefore, we 
recommend a dose-finding study with propafenone 
to establish the optimal dose-response ratio. Along 
these lines of reasoning, one might also consider 
the use of lower dosages of flecainide to reduce 
adverse reactions while still maintaining an accept- 
able level of efficacy. 

In conclusion, in patients with paroxysmal AF 
and uncompromised left ventricular function, the 
use of rapid intravenous administration of class IC 
antiarrhythmic drugs, especially flecainide, is highly 
efficacious if the episode is of recent onset. It 
should be emphasized that class IC drugs are 
almost ineffective in termination of paroxysmal 
AFL. Class IC drugs should be used cautiously and 
always during close electrocardiographic monitor- 
ing because transient adverse reactions on cardiac 
conduction are common, in particular when using 
flecainide. Although propafenone is less effective 
than flecainide, this drug is almost free of adverse 
reactions. The pharmacologic approach of paroxys- 
mal AF may be preferred over oral loading with 
quinidine or direct current cardioversion usually 
requiring hospitalization. 
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DISCUSSION 

Participant: You mentioned the different etiol- 
ogies of atrial fibrillation in your presentation, but 
did you look for the so-called holiday heart syn- 
drome—alcohol-induced atrial fibrillation. In other 
words, what is your experience concerning the 
efficacy of flecainide in atrial fibrillation induced by 
alcohol? Secondly, could you tell us more about 
this new drug, dofetilide, such as about the electro- 
physiologic properties and what is the Vaughan 
Williams subclass. 

Dr. J. Herre Kingma (Nieuwegein, The Nether- | 
lands): To answer your first question, my hospital 
is in an area where people usually do not go for 
holidays. Alcohol may be a problem during the 
Christmas holidays, when people are eating and 
socializing, and we see many patients during those 
days. If you look at the entry into trials, for 
instance, you see that during December usually you 
have more patients with atrial fibrillation than you 
do, for instance, in the middle of the summer. We 
do not have the impression that there is a differ- 
ence with “holiday hearts” or other hearts. We 
have looked into that—not for the holiday heart— 
but especially for those patients who are coming in 
after having meals, where alcohol will also play its 
role, but there was not a specific difference in 
efficacy. 

Regarding your second question, dofetilide has 
a specific effect on refractoriness and no effect 
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whatsoever on conduction in the animal experi- 
ments and also the clinical studies. A lot of 


electrophysiologic data are available at the mo- 


ment, especially from the clinic of Professor Camm 
in London. I think the most important is the 
absolute lack of effect on conduction. 

Dr. Robert Myerburg (Miami, Florida): I had 
trouble with the dosing program for propafenone 
where you pointed out that you did additional 
studies with higher doses. Did you do any actual 
increased dosing for patients in atrial fibrillation 
where you just incremented the doses every half 
hour or hour until you saw either lack of efficacy or 
early toxicity? 

Dr. Kingma: This is a very relevant question—if 
you look at the plasma levels you would say that a 
second bolus would result in conversion to sinus 
rhythm. It was a matter of priority that we did not 
decide to continue with propafenone, and changed 


to flecainide and dofetilide, which is very interest- 


ing from a pharmacologic point of view. We specu- 


late that indeed, we, should decrease the infusion 
time rather than increase dose or use a second 


bolus. We have given—to only a small number of 
patients—higher doses with the same infusion time 


but the efficacy was not improved and we saw more 
side effects. In one patient to whom we gave 3.0 
mg/kg, a severe epileptic seizure occurred. There- 
fore, we decided not to go on with higher doses. In 
view of its potential effects on conduction, we do 
not advocate repeated or continuous use of intrave- 
nous flecainide as routine in case of heart failure, 
until more data on safety are available for this 
route of administration. 

Dr. Myerburg: So there may indeed be a funda- 
mental difference between the two drugs in terms 
of efficacy. 

Dr. Kingma: Yes, probably. 
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Flecainide in Quinidine-Resistant Atrial 
Fibrillation 


Jean Francois Leclercq, mp, Fesc, Fabrice Chouty, mp, Isabelle Denjoy, mp, Philippe Coumel, 
MD, FESC, and Robert Slama, MD, FESC, FACC 


Flecainide (100 mg twice daily) was used for pre- 


vention of paroxysmal atrial fibrillation (PAF) in 
52 patients with frequent symptomatic attacks 
that were resistant or intolerant to quinidine 
(600—900 mg/day). Underlying heart disease was 
present in only 8 cases and left ventricular ejec- 
tion fraction was always >30%. No patient had 
had a myocardial infarction. Vagally induced PAF 
was Clinically documented in 35 patients. Amio- 
darone, previously used and ineffective, was 
combined with flecainide in 33 patients. After 
1-5.8 years of follow-up, complete disappear- 
ance of PAF was observed in 38 patients (73%). 
The success rate was slightly higher in patients 
with vagally induced PAF (p = 0.07). Extracardiac 
side effects necessitated withdrawal in only 3 
cases. Permanent pacemaker was needed in 7 
patients on amiodarone and flecainide because 
of excessive sinus bradycardia. Two patients, 
with previously documented atrial flutter, experi- 
enced presyncopal episodes of atrial flutter with 
1:1 atrioventricular (AV) conduction and wide QRS 
complex. No death occurred during the follow-up. 
In this series, quinidine proved to be unsuccess- 
ful in 46 patients and it was withdrawn in 6. We 
concluded that flecainide is efficient and well tol- 
erated for long-term prevention of PAF in pa- 
tients resistant to quinidine. The possibility of 1:1 
AV conduction during atrial flutter may suggest 
the use of verapamil or B blockers in combination 
with flecainide in patients with previously docu- 
mented atrial flutter. 

(Am J Cardiol 1992;70:62A—65A) 
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lass IC antiarrhythmic drugs have been 
í approved for treatment of supraventricular 

arrhythmias, such as atrial fibrillation, in 
many countries including France, despite regula- 
tory restrictions on their use for treatment of 
ventricular arrhythmias. This occurred after the 
results of the Cardiac Arrhythmia Suppression 
Trial (CAST) were announced.! This apparent 
discrepancy reflects the particular position of these 
drugs, having both important efficacy and poten- 
tially severe side effects. They are associated with a 
higher risk of potentially serious side effects in 
severely diseased patients, as demonstrated by the 
post-myocardial infarction CAST populations. Re- 
cent placebo-controlled studies have demonstrated 
the efficacy of flecainide in the treatment of atrial 
fibrillation. 


MATERIAL AND METHODS 

We studied 52 patients, 38 men and 14 women, 
aged 25-71 years (mean + SD 56.3 + 9.1) with 
documented paroxysmal atrial fibrillation (PAF). 
All had frequent attacks, at least 1 per week before 
antiarrhythmic therapy, and were highly symptom- 
atic with palpitations and in some cases chest pain 
or shortness of breath during the attacks. Underly- 
ing heart disease was present in only 8 patients: 
coronary artery disease without myocardial infarc- 
tion in 3, valvular heart disease in 3, and cardio- 
myopathy in 2 cases. In these 8 patients, left ven- 
tricular ejection fraction assessed by isotopic 
angiography was always > 30%. These 52 patients 
have used 2.6 + 0.8 antiarrhythmic drugs and were 
considered resistant to conventional therapy. All 
patients had received quinidine or hydroquinidine 
(600-900 mg/day); quinidine was unsuccessful in 
46 patients and it was withdrawn early in the other 
6 because of side effects. Amiodarone (200-400 
mg/day) in combination with quinidine was used in 
37 patients. 

In 35 patients, we observed the clinical charac- 
teristics of the vagally induced PAF? occurrence in 
the evening or at night, never during exercise or in 
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the morning, and after a progressive sinus rate 
decrease but without sinus node dysfunction. PAF 
itself was usually preceded by isolated atrial prema- 
ture beats with atrial bigeminy. PAF alternated 
with typical atrial flutter during the same attack in 
24 of the 35 patients. 

The remaining 17 patients (including 6 of the 8 
cases with underlying heart disease) had no clini- 
cally evident vagal or adrenergic-related PAF. 

Flecainide was used orally, 200 + 22 mg/day, 
without a loading dose. Clinical results were evalu- 
ated by questioning the patient and by Holter 
recording during the follow-up. We considered as 
complete success patients with disappearance of 
clinical PAF attacks and absence of PAF on at 
least two 24-hour Holter recordings, with a mini- 
mal follow-up of 6 months. Amiodarone, previ- 
ously used for more than 6 months without success, 
was given in combination with flecainide in 33 
patients. 


RESULTS 

After 1-5.8 years of follow-up, clinical results 
were as follows: complete success in 38 patients 
(73%), incomplete results, failure or intolerance in 
the remaining 14 cases (Table I). The success rate 
is slightly higher in patients also taking amio- 
darone: 76% versus 68%, but this difference is not 
statistically significant. By contrast, it could be 
noted that there is a trend to a higher success rate 
in the subgroup of vagally induced PAF: 80% 
versus 59% in the remaining cases, p = 0.07 (Table 
II). 

The tolerance of flecainide was generally good. 
Extracardiac side effects were noted in 13 patients, 
mainly visual disturbances (blurring of the vision or 
abnormal eye movements) or dizziness, but only 3 
had to stop therapy for this reason. Side effects 
disappeared spontaneously after some weeks or 
after dosage reduction in 5 cases. In 3 cases, a 
complete bundle branch block occurred with 200 
mg/day, leading to dosage reduction in 2 patients 
and drug withdrawal in 1 case. Important sinus 
bradycardia under combined amiodarone and 
flecainide therapy required permanent AAI or 
DDD pacemaker in 7 patients during the follow- 
up. In 2 patients, atrial flutter with 1:1 ventricular 
response occurred after 2 and 4 months of therapy, 
leading to presyncope. In these 2 patients, who had 
had documented atrial flutter before flecainide 
therapy, 1:1 ventricular response occurred during 
physical activity, as was evident from Holter moni- 
toring (Figure 1). Flecainide was stopped in these 2 
_ patients and 1:1 ventricular response was not 


TABLE I Results of Therapy 


Complete 
Success 







Patients Failure Withdrawal 





Amiodarone + flecainide 33 
Flecainide alone 19 13 6 pe 


Total 52 















TABLE Il Results According to Type of PAF 
Complete 
Type of PAF No. Success Failure Withdrawal 


Vagally induced 35 28 
Other PAF 17 10 


Total 52 


PAF = paroxysmal atrial fibrillation. 


38 8 6 





further documented; also presyncope disappeared. 
No death occurred in this series. 

In these highly resistant patients, quinidine 
usually had been used as a first-line therapy. It 
proved to be unsuccessful in 46 cases and had to be 
stopped early in the remaining 6 patients because 
of side effects (dramatic prolongation of QT inter- 
val in 2 cases, cutaneous rash in 1 case, intolerable 
diarrhea in 3 cases). Combination of amiodarone 
with quinidine was tried in 37 patients: it was suc- 
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FIGURE 1. Atrial flutter with 1:1 atrioventricular (AV) con- 
duction during flecainide therapy. Holter monitoring at 
rest (top) shows typical flutter with 2:1 to 4:1 AV conduc- 
tion. During moderate exercise (bottom), a 1:1 conduction 
with wide QRS interval appears. 
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cessful in only 4 cases, in which long-term therapy 
was not possible because of chronic diarrhea. 


DISCUSSION 

The efficacy of flecainide in atrial arrhythmias 
has been well demonstrated, even though relatively 
few studies were performed, principally because of 
the difficulty in studying these arrhythmias. It has 
been established relatively recently by two con- 
trolled studies versus placebo.** Both studies used 
documentation of the PAF by transtelephonic 
monitoring and reported a significantly higher 
diminution of PAF attacks by the drug than by the 
placebo. 

As far as comparison with other antiarrhythmic 
drugs is concerned, flecainide has been demon- 
strated to be useful in terminating chronic ectopic 
atrial tachycardia, with results similar to those of 
another class IC drug, encainide.? In the setting of 
postoperative atrial arrhythmias, flecainide has 
been considered safe and more effective than 
digoxin,® and as effective for conversion as a 
combination of digoxin and disopyramide, and 
more effective for prevention of relapses.’ 

Some series are available comparing flecainide 
and quinidine in chronic atrial arrhythmias: the 
efficacy of the 2 drugs is similar for conversion of 
permanent atrial fibrillation into sinus rhythm,’ but 
a lower incidence of extracardiac side effects with 
flecainide was noted. A comparison with quinidine 
was also performed in an open crossover study with 
dose adjustment: atrial arrhythmias were more 
often abolished by flecainide 100 mg twice daily 
than by quinidine 500 mg twice daily, whereas at 
higher dosage no significant improvement in the 
control of PAF occurred with flecainide 100 mg 
three times daily, giving the same results as quini- 
dine 500 mg three times daily.? Extracardiac side 
effects necessitating withdrawal of drug occurred 
only with quinidine. The data from this study 
demonstrate that flecainide is often effective in 
patients in whom quinidine has been ineffective. 

The combination of flecainide with amiodarone, 
often used in our series, probably represents the 
most efficient antiarrhythmic treatment available 
for PAF. A pharmacologic interaction between the 
2 drugs has been demonstrated, and a reduction of 
about 25-33% in the dosage of flecainide is neces- 
sary to obtain a similar plasma level.!°!! This 
combination can induce a severe sinus bradycardia 
requiring pacemaker implantation. However, atrial 
pacing itself could improve the results of therapy.!? 

These studies indicate a higher efficacy of 
flecainide compared with classic antiarrhythmic 


drugs like quinidine in the treatment of PAF. 
Contraindications to the use of flecainide in PAF 
include patients with old myocardial infarction and 
depressed left ventricular function, in view of the 
results of CAST, regardless of the presence or 
absence of atrial as well as ventricular arrhythmias. 
It seems wise to recommend the same for dilated 
cardiomyopathy with poor left ventricular func- 
tion, to avoid ventricular proarrhythmic effects. In 
a study on prevention of PAF, 1 death occurred?’ in 
a patient with severe congestive heart failure and a 
blood concentration of flecainide outside the ther- 
apeutic range (2,000 ng/mL). That emphasizes the 
fact that even in the treatment of atrial tachyar- 
rhythmias, class IC drugs may increase the mortal- 
ity of patients with severe cardiac disease, espe- 
cially if the dosage is not reduced, according to the 
demonstrated shift in the concentration-dose rela- 
tion in heart failure.'! 

Besides the well-known contraindications, the 
possibility of poorly tolerated 1:1 atrial flutter, as 
reported in the literature’ and observed in our 
series, can occur. For this reason, some groups 
propose to use a drug able to depress atrioventricu- 
lar nodal conduction, such as verapamil, in combi- 
nation with flecainide’’ in patients with previously 
documented atrial flutter. Avoiding the drug in 
patients with coronary artery disease, heart failure, 
and complete bundle branch block, and prescribing 
verapamil or B blockers in cases of atrial flutter 
should then improve the treatment outcome. Com- 
bination with amiodarone, as in our series, with a 
low dosage of flecainide, is an interesting alterna- 
tive treatment, which seems efficient and well 
tolerated. 

Available studies on atrial arrhythmias support 
the evidence that flecainide is more efficient than 
classic drugs such as quinidine in these patients, 
especially those with PAF, which remains a partic- 
ularly resistant arrhythmia in clinical practice. It 
fits well with the experimentally observed differ- 
ences on the human atrial tissue: both drugs 
increase atrial potential duration, but this effect is 
much more pronounced at rapid rates with flecain- 
ide.!° Experimental as well as clinical studies thus 
suggest that flecainide may be a first-choice treat- 
ment in prevention of PAF, if the limitations of the 
drug are strictly respected. 
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DISCUSSION 

Dr. Robert Myerburg (Miami, Florida): Let me 
ask a question about the proarrhythmic effects. 
You pointed out that 7 of 9 patients with proar- 
_ rhythmic events had these events within 5 days of 


initiating therapy. Were these ventricular or su- 
praventricular events? 

Dr. Jean Leclercq (Paris, France): This oc- 
curred in the study on the ventricular proarrhyth- 
mic effects. It is not surprising, of course. In our 
experience in 2 patients with atrial flutter and 1:1 
conduction, this did not occur during the first day 
of the therapy, but after several days, after it was 
provoked by exercise. So if you observe a patient 
while on limited activity, it may not be possible to 
have a 1:1 atrial flutter. 

Dr. Myerburg: What were the ventricular proar- 
rhythmic effects that you saw in the first 5 days? 
Were they sinusoidal ventricular tachycardia or in- 
creased premature ventricular complexes (PVCs)? 

_ Dr. Leclercq: They were increased PVC and 
also ventricular tachycardia or ventricular fibrilla- 
tion. 

Dr. Myerburg: As we had mentioned earlier, I 
think it would be good to separate out the trouble- 
some but non-life-threatening side-effects from the 
actual frequency of life-threatening proarrhythmic 
events. 

Dr. Pedro Brugada (Aalst, Belgium): | am 
particularly interested in the combination therapy— 
amiodarone and flecainide. You showed us a case 
in which you started amiodarone and then flecain- 
ide was added. Sometimes it might be difficult to 
know whether this is amiodarone that is improving 
the situation or it is the combination. How many 
patients did you have actually that were on chronic 
amiodarone therapy that was not effective and 
then you added flecainide? 

Dr. Leclercq: Almost all these patients were 
treated by amiodarone for at least 3 months. We 
consider that as chronic therapy. 
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Pharmacologic Treatment of Supraventricular 
Tachycardia: The German Experience 


Berndt Lüderitz, mD, and Matthias Manz, mp 


Tachyarrhythmias that originate above the bifur- 
cation of the bundle of His or in tissue proximal to 
it are classified as supraventricular tachyarrhyth- 
mias (SVTs). Primary treatment of SVT tries to 
influence the underlying disease. Symptomatic 
therapy is subdivided into drug therapy, electro- 
therapeutic tools (e.g., antitachycardia pacemak- 
ers, catheter ablation), and antiarrhythmic sur- 
gery. Antiarrhythmic agents that slow conduction 
and suppress premature beats are efficient for 
emergency and long-term treatment of SVTs. We 
evaluated some of the most relevant antiarrhyth- 
mic drugs in SVT, including propafenone, di- 
prafenone, cibenzoline, sotalol, and diltiazem; in 
addition, usage and efficacy of quinidine/vera- 
pamil, disopyramide, amiodarone, ajmaline, 
adenosine, and flecainide are summarized. 

in 1990, the case load of supraventricular ar- 
rhythmias per physician in Germany was more 
than 30 patients seen per month. About 50% of 
them were treated with drug therapy; i.e., approx- 
imately 17 patients were treated with antiar- 
rhythmic drugs per month per physician for su- 
praventricular arrhythmias. The most important 
antiarrhythmic agents used in Germany are pro- 
pafenone (40%), combination of quinidine and 
verapamil (23%), sotalol (12%), disopyramide 
(6%), flecainide (6%), and other (13%). 

(Am J Cardiol 1992;70:66A—74A) 
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r l Vhe supraventricular tachycardias include all 
the tachyarrhythmias whose site of impulse 
formation or reentry circuit is above the 

bifurcation of the His bundle. By strict definition, 
this group includes sinus, atrial, and atrioventricu- 
lar (AV) nodal tachycardias, as well as the tachycar- 
dias associated with atrial flutter and fibrillation 
and the reciprocating (circus movement) tachycar- 
dias complicating preexcitation. Supraventricular 
arrhythmias including atrial fibrillation are com- 
mon cardiac arrhythmias. Treatment of patients 
with supraventricular tachyarrhythmias (SVTs) in- 
cludes conventional and new antiarrhythmic drugs 
such as flecainide, propafenone, and sotalol as well 
as catheter ablation, electronic devices, and antiar- 
rhythmic surgery (Table I). Since these therapeutic 
approaches may lead to serious adverse effects, the 
correct indication for a given antiarrhythmic treat- 
ment must be given in regard to the risk—benefit 
ratio. Antiarrhythmic agents that slow conduction 
and suppress premature beats are well suited for 
short and long-term treatment of SVTs. 

For treatment or prevention of supraventricular 
and ventricular tachycardias, the following num- 
bers of drugs are available in Germany according 
to the Vaughan Williams! classification: 14 class I 
agents, including 24 different trade names; 16 class 
II agents reflecting 32 brands; 2 class III agents 
(amiodarone and sotalol); and 3 class IV antiar- 
rhythmic drugs (verapamil, gallopamil, and dilt- 
iazem). In addition, numerous generic drugs and 
agents containing a combination of antiarrhythmic 
substances have to be considered. The combina- 
tion of quinidine plus verapamil (trade name: 
Cordichin) is popular against SVT, especially in 
atrial fibrillation. Thus, all together a great number 
of antiarrhythmic drugs—35 substances and more 
than 70 brands—are currently available. 


METHODS 

Diagnostic electrophysiologic investigations were 
performed in patients with recurrent symptomatic 
tachyarrhythmias. The patients were studied in the 
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nonsedated state and did not receive cardioactive 
drugs. Each patient gave informed written consent. 

Electrode catheters were inserted through the 
right femoral vein, the left basilic or subclavian 
vein, and were placed into the right atrium, right 
ventricle, the coronary sinus, and below the tricus- 
pid valve to record the His bundle activity. The 
surface electrocardiogram and the intracardiac 
leads were recorded simultaneously with a paper 
speed of 100 mm/sec. 

Atrial and ventricular stimulation were per- 
formed using the single-test stimulus method as 
well as regular pacing at increasing rates. The 
effective refractory period of the accessory path- 
way was measured with a basic stimulation rate of 
100/min or 120/min, using the single-test stimulus 
method. The mean cycle length during reentrant 
tachycardia and the shortest atrial interval during 
incremental atrial pacing were compared with the 
results after drug administration. In case of ventric- 
ular tachycardia, programmed ventricular stimula- 
tion was performed at basic stimulation rates of 
100/min, 120/min, and 150/min. The protocol 
included elicitation of 1-3 premature stimuli. 

The following criteria for diagnosis of AV nodal 
reentrant tachycardia were used: a) induction of 
SVT related to a critical AH delay, with both 
incremental pacing and atrial extrastimulus test- 
ing; b) demonstration of antegrade dual AV nodal 
pathways; c) atrial activation occurring before or 
simultaneously with the onset of ventricular activa- 
tion during supraventricular tachycardia; and d) 
normal retrograde atrial activation sequences dur- 
ing supraventricular tachycardia. Retrograde anom- 
alous pathway conduction during supraventricular 
tachycardia was proved by the following criteria: a) 
abnormal retrograde atrial activation sequence; 
and b) ability to capture the atria during SVT with 
critically timed ventricular extrastimuli when the 
His bundle was refractory. 

Administration of antiarrhythmic agents: 

PROPAFENONE: 1 mg/kg of propafenone was 
administered intravenously over 5-10 minutes. In 
the patients, who underwent a second electrophys- 
iologic study, the stimulation protocol was re- 
peated after 5-7 days of oral therapy with 150 mg 
3—4 times daily. The study was performed 1-2 
hours after the last dose was administered. In case 
of chronic oral treatment, patients were followed 
on an outpatient basis at intervals of 4 months. 

DIPRAFENONE: After obtaining the basic electro- 
physiologic data, diprafenone in a dose of 1.5 
mg/kg bodyweight was applied intravenously over 
a period of 10 minutes. 


TABLE I Treatment of Supraventricular Tachycardias 


Pharmacologic therapy 
a) acute treatment 
b) long-term treatment 


Antiarrhythmic surgery 


Wolff-Parkinson-White syndrome 
Catheter ablation 

Atrioventricular nodal reentry, Wolff-Parkinson-White syndrome 
Antitachycardia pacing 

Atrioventricular nodal reentry 





CIBENZOLINE: 1.5 mg/kg bodyweight of the drug 
were given intravenously over a period of 10 
minutes. 

DILTIAZEM: 0.15 mg/kg bodyweight were in- 
jected within 3 minutes. 

SOTALOL: A bolus of 80 mg sotalol was applied 
over a period of 5 minutes. 

Group data were presented as mean + standard 
deviation. Friedman’s analysis of variance by ranks 
and Wilcoxon matched-pairs signed-ranks and Stu- 
dent’s ¢ test for paired data were used. 


RESULTS 

Propafenone: We studied the electrophysio- 
logic effects of intravenous and oral propafenone 
in 14 patients with Wolff-Parkinson-White syn- 
drome and in 10 patients with AV nodal reentrant 
tachycardia. The effective refractory periods of the 
right atrium and the AV node increased after both 
preparations. In patients with Wolff-Parkinson- 
White syndrome, intravenous propafenone blocked 
anterograde accessory pathway conduction in 2 
patients and retrograde conduction in 1; during 
oral therapy, accessory pathway conduction block 
occurred in 2 additional patients. The mean cycle 
length of the SVT increased from 338 + 60 to 
387 + 56 msec (p <0.05) after intravenous appli- 
cation, and from 336 + 65 to 367 + 65 msec 
(p <0.05) during oral propafenone. The shortest 
pacing interval maintaining a 1:1 AV conduction 
increased from 325 + 65 to 368 + 81 msec 
(p <0.05) after intravenous infusion, and from 
333 + 57 to 369 + 75 msec (p <0.05) during oral 
therapy. There was no difference in the electrophys- 
iologic effects between intravenous and oral pro- 
pafenone. 

The induction of SVT was prevented by intrave- 
nous propafenone in 10 of 20 patients and in 4 
additional patients with oral propafenone. During 
follow-up, 6 of 7 patients, whose SVT could not be 
initiated by electrophysiologic drug testing, re- 
mained free from recurrences, whereas 5 of 7 
patients with inducible tachycardia had recur- 
rences of SVT (Figure 1). In patients with SVT, 
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propafenone prolonged accessory pathway and AV 
nodal conduction and had a beneficial effect on 
circus movement tachycardia. 

Electrophysiologic drug testing with propafenone 
intravenously predicts its efficacy during chronic 
oral therapy in most patients. 

Diprafenone: Diprafenone is a propafenone 
analogue that is not yet marketed. The electrophys- 
iologic effects of diprafenone were evaluated in a 
recent study including 31 patients (9 with AV 
nodal reentrant tachycardia, 8 with Wolff-Parkin- 
son-White syndrome, 4 with paroxysmal atrial fibril- 
lation, 10 with recurrent ventricular tachycardia). 
Electrophysiologic studies were performed before 
and after intravenous infusion of 1.5 mg/kg body 
weight diprafenone over a period of 10 minutes. 
Diprafenone prolonged the mean RR interval 
during sinus rhythm from 690 + 109 to 798 + 93 
msec and the maximal sinus node recovery time 
from 1081 + 216 to 1300 + 398 msec (p <0.01). 
The effective refractory period of the right atrium 
and the right ventricle increased markedly. Di- 
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FIGURE 1. inducibility of supraventricular reentrant tachy- 
cardia after intravenous (i.v.) and oral (p.o.) treatment 
with propafenone in 20 patients. Intravenous propafenone 
prevented the induction of the reentrant tachycardia in 10 
patients (6 with atrioventricular [AV] nodal reentrant ta- 
chycardias, 4 with Wolff-Parkinson-White [WPW] syn- 
drome). The electrophysiologic study could be repeated in 
14 patients during oral therapy; in this cohort, reentrant 
tachycardias of 7 patients (5 with AV nodal reentrant ta- 
chycardias, 2 with WPW syndrome) were not inducible as 
before. In 4 additional patients (1 with AV nodal reentrant 
tachycardia, 3 with WPW syndrome), the tachycardia 
could no longer be initiated; however, tachycardia re- 
turned in 1 patient with WPW syndrome. (Adapted with 
permission from Am J Cardiol.) 





prafenone produced a significant prolongation of 
the anterograde effective refractory period of the 
AV node and of the retrograde effective refractory 
period. The effective refractory periods of the Kent 
bundle increased anterogradely and retrogradely. 
Suppression of inducibility was observed in 12 of 17 
patients with supraventricular reentrant tachycar- 
dia, in 5 of 8 patients with atrial fibrillation, and in 
7 of 10 patients with recurrent ventricular tachycar- 
dia (Figure 2). 

The rate of appearance of SVTs decreased 
under the influence of diprafenone.* Thus, di- 
prafenone is effective in the therapy of patients 
with recurrent supraventricular and ventricular 
tachycardia.*> 

Quinidine, verapamil: The use of quinidine can 
be considered standard therapy for medical cardio- 
version and for the maintenance of sinus rhythm in 
patients with recurrent atrial fibrillation. Accord- 
ing to a meta-analysis of 6 prospective, placebo- 
controlled trials involving 808 patients, mainte- 
nance of sinus rhythm can be expected at 3, 6, and 
12 months in 69%, 58%, and 50% of patients, 
respectively.° Since total mortality in the quinidine- 
treated patients was higher than in the control 
group, careful consideration of the institution of 
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FIGURE 2. Cycle length (RR interval) and inducibility of su- 
praventricular tachycardia with . Suppression 
of inducibility in 12 of 17 patients with supraventricular 
reentrant tachycardia. AV node reentry tachycardia = 
solid line; Wolff-Parkinson-White syndrome = broken line. 
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quinidine therapy in atrial fibrillation is recom- 
mended. Aside from cardiac effects such as torsade 
de pointes tachycardia and quinidine-induced syn- 
cope, the most common side effects of quinidine 
are diarrhea, anorexia, and nausea. Due to the 
anticholinergic action of the substance, AV conduc- 
tion may be enhanced during atrial fibrillation; 
therefore the combination of quinidine with the 
calcium-blocking agent verapamil was evaluated.’ 

Verapamil has a direct blocking effect on the 
slow ionic channels of the AV node, thereby 
reducing the ventricular rate during atrial fibrilla- 
tion.*!9 In contrast to digitalis, with verapamil, the 
depression of AV conduction remains effective 
during exercise; therefore, the beneficial effect of 
verapamil on ventricular rate is accompanied by a 
significant improvement in maximal exercise capac- 
ity in patients with atrial fibrillation.!' Conversion 
to, and maintenance of, sinus rhythm is accom- 
plished in a limited number of patients by vera- 
pamil alone.!>! In patients with AV nodal or AV 
reentrant tachycardia, bolus injection of 5-10 mg 
of verapamil terminates the arrhythmia reliably; 
therefore verapamil has become the drug of choice 
for the short-term management of paroxysmal 
supraventricular tachycardia.'*!> Since the effec- 
tive refractory period of the Kent bundle may be 
shortened, verapamil can be deleterious in patients 
with Wolff-Parkinson-White syndrome and preex- 
cited atrial fibrillation.'® 

The antiarrhythmic effects of quinidine com- 
bined with the calcium antagonist verapamil demon- 
strated a high efficacy rate in the cardioversion of 
sinus rhythm and the chronic suppression of atrial 
fibrillation.’”'’ Part of this effectiveness may be due 
to the significant rise of quinidine plasma levels 
when combined with verapamil therapy.'® 

Some of the specific side effects of quinidine 
(anticholinergic and gastrointestinal) might be an- 
tagonized by the action of verapamil; thus, the 
combination of the 2 substances has become one of 
the first line therapies in Germany in patients with 
paroxysmal atrial fibrillation and after conversion 
to sinus rhythm. However, the fixed combination of 
quinidine and verapamil was planned to be with- 
drawn from the market due to regulations of the 
Federal Institute of Health of Germany. 1°20 

Disopyramide: The electrophysiologic effects 
of disopyramide are similar to those of quinidine: 
disopyramide slightly prolongs the refractory peri- 
ods of the atrium, the ventricle, and the His- 
Purkinje system, and increases the duration of the 
P wave and the QRS complex. The associated 
anticholinergic properties determine the net effect 


with regard to its influence on spontaneous sinus 
cycle and AV conduction.?! 

ATRIAL FLUTTER/FIBRILLATION: In the experi- 
mental setting, termination of atrial flutter is pre- 
ceded by an increase in the cycle length; in addi- 
tion, the excitable gap decreases significantly.*? 
Intravenous disopyramide (3 mg/kg i.v.) increases 
the cycle length of atrial flutter in humans by 25%, 
and the atrial effective refractory period by 14%, 
whereas the excitable gap was prolonged by 55%. 
The latter effect facilitates the termination of atrial 
flutter by overdrive pacing.” Based on these elec- 
trophysiologic effects, both intravenous and oral 
disopyramide are suitable for the conversion of 
atrial fibrillation; depending on the duration of 
atrial fibrillation, success rates of up to 40% can be 
expected. A7 

Disopyramide is used for the prophylactic treat- 
ment of atrial fibrillation after electrocardiover- 
sion. In placebo controlled studies, 50-60% of the 
patients remain in sinus rhythm after one year.”°’ 
Important side effects include anticholinergic ef- 
fects and a negative inotropic effect, particularly in 
patients with impaired left ventricular function.**”? 
The subjective side effects are less pronounced, 
compared with quinidine. However, they may still 
limit the widespread use of disopyramide in 
younger, otherwise healthy patients with paroxys- 
mal SVTs. Disopyramide causes an effective depres- 
sion of accessory pathway conduction in antero- 
grade and retrograde direction, therefore the 
substance is indicated in the preexcitation syn- 
drome, especially in cases complicated by paroxys- 
mal atrial fibrillation.*°*! 

Amiodarone: The class III antiarrhythmic agent 
amiodarone is not as commonly used for SVT in 
Germany as in other European countries (e.g., 
France, Italy). Amiodarone uniformly prolongs 
refractory periods and slows conduction in all parts 
of the heart, including accessory pathways.’ On 
these grounds, amiodarone is highly effective in 
patients with paroxysmal SVT.*>4 In patients with 
atrial fibrillation resistant to conventional antiar- 
rhythmic agents, a conversion to, and stabilization 
of, sinus rhythm is possible in 30-60% of the 
patients.*°’ Although lower doses of amiodarone 
are sufficient for the control of supraventricular, as 
opposed to ventricular, tachyarrhythmias, the long- 
term treatment is accompanied by important side 
effects, particularly of the thyroid gland, liver, lung, 
and skin.** Although amiodarone can be of benefit 
to some patients with SVT, it can harm others 
because of toxicity and interaction with other 
drugs; therefore the substance is used, at least in 
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Germany, as a last-resort agent for individual 
patients. It should not be used when nonpharmaco- 
logic therapies are likely to be effective. 

Ajmaline: Ajmaline, a Rauwolfia alkaloid, was 
introduced for the treatment of cardiac arrhyth- 
mias by Kleinsorge et al.*’ Ajmaline prolongs the 
refractory periods and slows conduction in atrial 
and ventricular structures: widening of the P wave 
and prolongation of the PR interval and the 
duration of the QRS complex can be observed.*?*! 
The pronounced effect on the accessory pathway 
led to the use of ajmaline in patients with Wolff- 
Parkinson-White syndrome to recognize a short 
refractory period of the accessory pathway.*? With 
a half-life of 10-15 min after bolus injection, 
ajmaline is used for the short-term treatment of 
paroxysmal supraventricular, as well as ventricular, 
tachyarrhythmias.* Ajmaline can be used to con- 
vert atrial fibrillation to sinus rhythm, especially in 
patients with Wolff-Parkinson-White syndrome.*° 

Cibenzoline: Cibenzoline, an imidazoline deri- 
vate, is a new class I antiarrhythmic agent. The 
electrophysiologic effects and antiarrhythmic prop- 
erties of cibenzoline (100 mg i.v.) were evaluated at 
our institution in 22 patients with paroxysmal 
supraventricular tachycardia: 12 with the Wolff- 
Parkinson-White syndrome, 9 with AV nodal reen- 
trant tachycardia, and 1 with atrial tachycardia. 
Cibenzoline shortened the sinus cycle length from 
742 + 103 to 661 + 87 msec (p <0.001) and the 
sinus node recovery time from 1026 + 106 to 
926 + 135 msec (p <0.001). The substance length- 
ened the AH interval and the HV interval signifi- 
cantly. The effective refractory periods of the 
atrium and the right ventricle did not change, but 
the effective refractory period of the AV node in 
both the anterograde and the retrograde direction 
increased significantly. Cibenzoline prolonged the 
refractory period of the accessory pathway in the 
retrograde direction. The anterograde effective 
refractory period of the accessory pathway did not 
change. During atrial stimulation, inducibility of 
reentrant tachycardia was suppressed in 14 of 22 
patients and the inducibility of atrial fibrillation in 
7 of 12 patients. The RR interval of the reentrant 
tachycardia was prolonged from 353 + 57 to 
420 + 57 msec (p <0.001).*° 

Cibenzoline did not show negative inotropic 
effects. Slowing of conduction was most pro- 
nounced in the intraventricular conduction system, 
thereby suppressing the inducibility and slowing 
the rate of paroxysmal supraventricular reentrant 
tachycardias.*°47 


Sotalol: Sotalol is a new B-adrenergic receptor 
antagonist with class III antiarrhythmic action. We 
studied the electrophysiologic effects of sotalol in 
11 patients with Wolff-Parkinson-White syndrome 
and 9 patients with AV nodal reentrant tachycar- 
dia. Electrophysiologic studies were performed 
before and after intravenous infusion of 80 mg 
sotalol over a period of 5 minutes. Sotalol pro- 
longed the effective refractory period of the right 
atrium and the right ventricle. Both AV node and 
accessory pathway conduction were depressed by 
sotalol in both the anterograde and retrograde 
directions. Induction of reentrant tachycardia was 
prevented in 6 of 18 patients. The rate of reentrant 
tachycardia decreased from 182 + 29/min to 
153 + 14/min (p <0.01) and the ventricular rate 
during atrial fibrillation from 148 + 14/min to 
112 + 12/min (p <0.05). Sotalol exhibited a de- 
pressant effect on all parts of the reentrant circuit: 
atrium, ventricle, AV node, and accessory path- - 
way. Thus, sotalol is effective in the therapy of 
patients with recurrent supraventricular tachycar- 
dias.*8,? 

Diltiazem: Diltiazem, a new calcium channel 
antagonist, has a qualitatively similar but quantita- 
tively less pronounced effect on AV conduction, 
compared with verapamil. 

Adenosine: Adenosine exerts a dose-depen- 
dent negative chronotropic and dromotropic effect 
in the heart, thus slowing sinus rhythm and depress- 
ing AV conduction. The effect of adenosine lasts 
<10 sec; therefore the substance is used for the 
short-term management for paroxysmal SVT.°? 
Since the drug is not marketed in Germany, there 
is at the present time no widespread use of adeno- 
sine in the therapy of supraventricular tachycardia. _ 

Flecainide: Flecainide prevents recurrences of 
SVTs in the majority of patients with inducible 
SVTs. The substance is especially effective in 
preventing atrial fibrillation in patients with Wolff- 
Parkinson-White syndrome. Thus, flecainide is an 
effective and convenient antiarrhythmic agent to 
treat patients who have AV nodal or atrioventricu- 
lar reentrant SVTs as well as atrial fibrillation.5!-54 

Proarrhythmic effects can occur in patients who 
meet the CAST-criteria (myocardial infarction, 
depressed left ventricular ejection fraction).*°>* 

Steinbeck and co-workers*’ studied the treat- 
ment of paroxysmal atrial fibrillation with digoxin 
alone or digoxin plus antiarrhythmic drugs. In a 
prospective study, 45 patients with paroxysmal 
atrial fibrillation were randomly assigned to 1 of 3 
groups (of 15 patients each): group I received oral 
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Group I (n=15) 
Digoxin 
0,375-0,500 mg/d 


FIGURE 3. Treatment of paroxys- | Group Il (n=15) 


mal atrial fibrillation (pAF) with 
digoxin alone and with addition of 
quinidine or flecainide. The com- 
bination of digoxin plus flecainide 


Quinidine 
750-1000 mg/d 


tet stint of oar and produocs Group III (n=15) 
a slight (5 patients) and signifi- Digoxin 0,375 mg/d 
saatei tah ma T Flecainide 

3 200-300 mg/d 
with digoxin plus quinidine and 
digoxin alone. 


digoxin, 3 times 0.125 mg up to twice 0.25 mg daily; 
group II oral digoxin twice 0.125 mg and quinidine 
hydrogen sulphate 750-1000 mg daily; group IH 
oral digoxin 3 times 0.125 mg and flecainide 200- 
300 mg daily. During a mean observation period of 
11 months, digoxin alone was significantly less 
effective (p <0.05) in reducing or suppressing 
paroxysms of atrial fibrillation than digoxin plus 
quinidine or flecainide alone. Flecainide with 
digoxin was more effective than the drug regimen 
in groups I and II (p <0.05) (Figure 3). Two 
patients each in groups I and III had side effects, as 
did 8 in group II.°’ The results suggest that, at the 
chosen dosage, flecainide produces fewer side 
effects than quinidine. 

In a recent study Wijk et al® compared flecainide 
and quinidine in the prevention of paroxysms of 
atrial fibrillation, as guided by Holter-monitoring. 
Results showed complete suppression at the lowest 
drug dosage in 46% with flecainide and 17% with 
quinidine; after dose adjustment the efficacy rates 
were 50% versus 35%.” 

Wijk and co-workers™ concluded further that 
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flecainide prevents recurrences of SVTs in 65% of 
patients with inducible SVTs during a mean fol- 
low-up of 11 months. Programmed electrical stimu- 
lation has a high negative predictive value in this 
setting. Flecainide is especially effective in prevent- 
ing atrial fibrillation in patients with Wolff- 
Parkinson-White syndrome.®°! 


DISCUSSION 

In Germany, the most important agents against 
SVT are antiarrhythmic drugs. Sinus tachycardia is 
treated with B-receptor blocking agents and/or 
digitalis; supraventricular premature beats with B 
blockers, verapamil, propafenone, quinidine, dis- 
opyramide, or ajmaline. In paroxysmal SVT, vera- 
pamil, B blockers, sotalol, digitalis, quinidine, dis- 
opyramide, ajmaline, or propafenone is given, and 
in select cases antitachycardia pacing, DC cardio- 
version, catheter ablation, or antiarrhythmic sur- 
gery is used. In Germany, drugs of choice in atrial 
flutter and atrial fibrillation are digitalis, verapamil 
and/or quinidine, B blockers, disopyramide, flecain- 
ide, and propafenone; in the case of atrial flutter, 
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rapid atrial stimulation, and in select patients, 
catheter ablation or DC cardioversion. 

The case load of SVT per physician in Germany 
is >30 patients seen per month in comparison to 
37 with ventricular extrasystoles and 6 suffering 
from ventricular tachyarrhythmia; 50% of SVT 
patients are treated with antiarrhythmic drugs. In 
1990, the most widely used antiarrhythmic agents 
were propafenone (40%), the combination of quin- 
idine and verapamil (Cordichin; 23%), sotalol 
(12%), disopyramide (6%), and flecainide (6%). 
The antiarrhythmic market in Germany is depicted 
in Figure 4. Despite the ample offering of antiar- 
rhythmic agents, there is still room for new antiar- 
rhythmic drugs that are highly selective and effec- 
tive, without significant side effects. 
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DISCUSSION 

Dr. J. Herre Kingma (Nieuwegein, The Nether- 
lands): I’m surprised by the high use of pro- 
pafenone. In my opinion, and I’m not referring to 
my own experience but to more general experi- 
ence, oral propafenone is not very effective. I 
believe it is much less effective than quinidine or 
flecainide for atrial fibrillation. Can you explain 
that, or can you give your own opinion, apart from 
the market figures? 

Dr. Berndt Lüderitz (Bonn, Germany): My own 
opinion is very close to yours. I just showed you the 
_ present situation as it is. I have no real explanation 
based on electrophysiological evidence. I think you 


are right concerning the differential diagnostic and 
differential therapeutic effects. Propafenone ef- 
ficacy is perhaps overestimated for some reasons. 

Dr. Kingma: I have another question. In one of 
your first slides you showed that programmed 
stimulation during intravenous testing with pro- 
pafenone did predict long-term outcomes. You 
used | mg of propafenone and I saw there were .a 
number of patients who were inducible with that 
regimen and who were not inducible later. I think 
that at the oral dose you use, you should be 
comparing it with a somewhat higher intravenous 
dose of propafenone. I would expect this to give 
you a better correlation between intravenous and 
oral. | 

Dr. Lüderitz: You mean in these 4 patients? 
Yes, that could be better equilibrated, I agree. I 
think that, concerning predictability, we could 
show that indeed the acute intravenous testing is 
predictive for the long-term follow-up. Which dos- 
age would you suggest in order to improve the 
comparability? 

Dr. Kingma: I would say that a 2 mg intravenous 
dose was appropriate, because after 2 mg in 10 
minutes, your level post-distribution will be about 1 
mg/L, and that’s about the same as your steady 
state levels, i.e., 600—900 mg. 

Dr. Robert Myerburg (Miami, Florida): Do you 
have any information on crossover among the 
various drugs that you’re reporting, in terms of the 
frequency of crossing over from one to the other 
because of either lack of efficacy, side effects, or 
adverse effects? 

Dr. Liideritz: Unfortunately, not in a systematic 
way. Some of these patients were pretreated by B 
blockers, but I have no definitive information. That 
is an important point nevertheless. 

Dr. John Camm (London, England): [n compar- 
ison with German practice, in the United King- 
dom, we seem to come off extremely badly. I 
thought it might be worthwhile pointing out some 
of the reasons for that. The use of antiarrhythmic 
drugs is low in the United Kingdom in parallel with 
the use of other cardiovascular medications, and to 


‘some extent the use of medication in general. 


That’s because British physicians are rather nihilis- 
tic about the use of therapy. Unless it has been 
shown to be positively advantageous, they won’t 
use a drug of any sort. With respect to the very poor 
showing of the use of cardiovascular drugs— 
particularly antiarrhythmic drugs—the reason for 
that almost certainly is due to the fact that we have 
very few cardiologists in the United Kingdom. I 
know that in Germany you only have about 1,000 
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cardiologists for your country of 80 million or so. In 
the United Kingdom we have 208 cardiologists for 
56 million people. So cardiologists don’t really see 
the bulk of cardiovascular practice. Hence, cardio- 
vascular drugs are poorly used and often not used 
much at all. 

Dr. James Perry (Houston, Texas): [ was inter- 
ested in your example of treating proarrhythmia 
with magnesium. A lot of things have been tried 
with proarrhythmia in conjunction with flecainide, 
including lidocaine, sodium bicarbonate, sodium 
lactate and so forth. Do you have the sense that 


magnesium was effective in this case and are there 
other data regarding something specific to use in 
this situation? 

Dr. Lüderitz: This is just one observation. With 
this patient we had tried various agents, including 
lidocaine, and then we decided by exclusion to try ` 
magnesium. Our impression was that it was effec- 
tive. In the meantime we have had 2 more cases 
with the same benefit. I do not know the exact 
underlying mechanism, but I can tell you it worked 
in these few cases. Perhaps it is worthwhile to study 
this in detail systematically for statistical evidence. 
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Introduction 


Jonathan Abrams, MD 


itroglycerin (NTG) and the organic ni- 

trates have been mainstays of therapy in 

cardiovascular disease for many years. The 
original observations of William Murrell, pub- 
lished in Lancet in 1879,' suggested a beneficial 
role for NTG in treating acute attacks of angina 
pectoris. Since that landmark publication, thou- 
sands of articles and monographs have been pub- 
lished dealing with NTG and its related congeners, 
and numerous basic and clinical research investiga- 
tions continue to appear. In fact, the last few years 
have seen another surge of interest in the nitrates, 
concordant with the discovery that these com- 
pounds are actually prodrugs that are metabolized 
to nitric oxide (NO) within the vascular smooth 
muscle cell. NO is now recognized to be endothelial- 
derived relaxing factor (EDRF); further, NO is a 
ubiquitous molecule widely distributed throughout 
the body with a remarkable array of biologic roles. 
In the coronary vasculature, the concept is develop- 
ing that NTG and the organic nitrates may be of 
particular benefit in the presence of coronary 
atherosclerosis, hypercholesterolemia, and per- 
haps other conditions associated with endothelial 
dysfunction and disordered vasodilatory capacity 
of the coronary arteries. Thus, these drugs (mem- 
bers of a group of compounds known as nitrovasodi- 
lators) may have unique efficacy in dilating abnor- 
mal coronary vessels with depressed endothelial 
(i.e., vasodilator) function. Nitrates are believed to 
restore partially the imbalance between impaired 
EDRF production or release and intact or even 
enhanced vasoconstrictor forces in the abnormal 
vascular wall. NTG (or isosorbide dinitrate or 
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isosorbide-5-mononitrate) thus may act as exoge- 
nous EDRF-like compounds. 

Another role for these drugs, long debated, is an 
antiplatelet effect that results in antiaggregatory, 
antiadhesive, and deaggregatory actions. Here, 
again, the interrelations between normal and disor- 
dered endothelial function may be important; an 
intact and fully functional endothelial layer has 
antiplatelet and antithrombotic action. It is possi- 
ble that NTG may replenish some of this activity in 
the presence of coronary atherosclerosis and im- 
paired endothelial function. 

The classic syndromes for which nitrates are 
indicated are well known to clinicians and include 
stable and unstable angina pectoris as well as pure 
vasospastic angina and mixed angina. In addition, 
there is an increasing role for the nitrates in acute 
myocardial infarction and in postinfarction pa- 
tients. Adjunctive therapy for acute and chronic 
congestive heart failure is another major indication 
for these drugs, whose hemodynamic effects on 
cardiac preload and afterload impart salutary ben- 
efits in appropriately selected patients. In the 
United States the Food and Drug Administration 
has authorized the use of NTG and the organic 
nitrates for the anginal syndromes. There is no 
approved indication for nitrate administration in 
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congestive heart failure or myocardial infarction. 
Nevertheless, the drugs may be of particular bene- 
fit in these conditions, and physicians should be 
familiar with the present “state of the art” of 
nitrate therapy for these important clinical prob- 
lems. 

Two previous symposia, representing the First 
and Second North American Conferences on Nitro- 
glycerin Therapy, summarized much of the then 
current information about the nitrates, including 
basic mechanisms of action, nitrate pharmacology, 
and the use of these drugs in various clinical 
conditions.* Since the last publication 8 years ago, 
much new research and information have become 
available. Further, considerable advances in our 
knowledge of nitrate tolerance has resulted in 
widely accepted guidelines for nitrate dosing regi- 
mens that can avoid most nitrate attenuation and 
tolerance. In May 1991, another comprehensive 
discussion of nitrates took place, and this issue of 
the American Journal of Cardiology contains the 
deliberations of that meeting (the Third North 
American Conference on Nitroglycerin Therapy). 

The invited speakers and authors represent 
many of the most experienced and respected inves- 
tigators in the field. All are truly expert in their 
respective areas of interest. This symposium con- 
sists of 13 articles, each an overview of an impor- 
tant subject relating to nitrate action and/or clini- 
cal use. Much new information relating to the 
nitrates is reviewed; the references should provide 
the interested reader with a useful resource on the 
current status of nitrate therapy. As indicated in 
many of the discussions, additional research is 
likely to result in further significant advances in our 
knowledge of the nitrates, making a fourth sympo- 
sium a necessity in future years. 


SPECIFIC CONTRIBUTIONS 

The first four articles discuss many of the basic 
aspects of NTG and nitrate action. Fung et al 
review the intracellular cascade of denitration 
leading to NO formation and stimulation of cyclic 
guanosine monophosphate (GMP). They antici- 
pate many subsequent discussions of nitrate toler- 
ance in their overview of tolerance mechanisms, 
including the sulfhydryl (SH) depletion theory and 
neurohumoral counterregulatory activation. They 
raise the question of whether inadequacy of SH 
groups can fully explain nitrate tolerance, and the 
data relating to SH donors as a means of prevent- 
ing or reversing nitrate attenuation are put into 
perspective. Harrison et al provide a concise review 
of endothelial function and related phenomena, 
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including information about endothelial dysfunc- 
tion in the presence of coronary atherosclerosis 
and elevated cholesterol levels. They suggest that 
NTG may be an exogenous EDRF-like compound. 
Loscalzo, a vigorous proponent of the antiaggrega- 
tory effects of the nitrates, reviews the controver- 
sial subject of nitrates and platelet function. The 
concept of the nitrates providing an exogenous 
source of an EDRF-like antiplatelet agent is pre- 
sented. Bassenge reviews the differences in nitrate 
vascular effects in different vascular beds. He 
introduces the concept of pseudotolerance. 

In anticipation of the subsequent articles discuss- 
ing the roles of nitrates in various cardiovascular 
syndromes, Abrams summarizes the many actions 
of the organic nitrates that could play a role in 
preventing or alleviating myocardial ischemia. The 
clinical conditions for which nitrates are, or may 
be, indicated are next discussed by several authors. 
Thadani provides a comprehensive overview of 
nitrate therapy in stable angina pectoris. Pepine 
reviews the limited data supporting nitrate efficacy 
in asymptomatic or daily life ischemia. The use of 
intravenous NTG in unstable angina is reviewed by 
Horowitz, who provides a provocative discussion of 
SH donors in the form of N-acetylcysteine for 
administration in combination with intravenous 
NTG. Therapy of acute myocardial infarction of- 
ten includes nitrates for clinical complications; 
however, much data support a routine policy of 
intravenous NTG administration in the early hours 
of acute myocardial infarction (MI). This is dis- 
cussed by Flaherty and by Jugdutt. The latter has 
pioneered the use of the nitrates to prevent post-MI 
ventricular remodeling. This intriguing approach, 
while investigational, is being carefully watched by 
investigators and clinicians; the angiotensin-con- 
verting enzyme (ACE) inhibitors are also agents 
that appear useful in this approach to post-MI 
therapy, and the Survival and Ventricular Enlarge- 
ment (SAVE), the third Gruppo Italiano per lo 
Studio della Soprawivenza nell’Infarto Miocardico 
(GISSI-3) and the fourth International Study of 
Infarct Survival (ISIS-4) trials may provide an 
answer to the question of whether a vasodilator is 
beneficial to the postinfarct patient. 

Two contributions discuss the use of nitrates in 
congestive heart failure. This condition is a relative 
indication for nitrate therapy, with a limited data 
base, however. Cohn (a pioneer of vasodilator 
therapy) and Elkayam provide elegant and useful 
contributions dealing with the benefits and prob- 
lems of nitrate therapy in heart failure, emphasiz- 


2B THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 SEPTEMBER 24, 1992 


ing the unknown and problematic aspects of such 
therapy. Finally, Parker and Parker review an 
intriguing concept relating to one of the presumed 
mechanisms of nitrate tolerance—i.e., neurohu- 
moral activation—and provide new information 
regarding the rapid onset of fluid retention and 
hormonal activation when continuous nitrate ther- 
apy is administered. 

It is hoped that these articles will be informa- 
tive, useful, and provocative. I take responsibility 
for selection of the authors and topics, as well as 
the editing of each article. All of the manuscripts 
were additionally reviewed. I believe the informa- 


tion provided in this supplement issue is accurate, 
comprehensive, and convincing. We look forward 
to future research and an increased understanding 
of the role of nitrate therapy in a widening list of 
clinical conditions. 
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Biochemical Mechanism of Organic 
Nitrate Action 


Ho-Leung Fung, PhD, Suk-Jae Chung, PhD, John Anthony Bauer, PhD, Saeho Chong, PhD, and 
Elizabeth A. Kowaluk, PhD 


Increasing evidence suggests that organic ni- 
trate action derives from their metabolic conver- 
sion to nitric oxide (NO) in the vascular smooth 
muscle cell. The primary catalytic activity of this 
process appears to reside at the cellular plasma 
membrane. There is no concrete evidence to indi- 
cate that NO formation is preceded by the pro- 
duction of inorganic nitrite ion or that the NO pro- 
duced needs to form S-nitrosothiols before it can 
activate guanylate cyclase to produce cyclic 
guanosine 3’ ,5'-monophosphate (cGMP). Al- 
though sulfhydryl donors can partially reverse 
nitroglycerin-induced tolerance in patients, this 
phenomenon (by itself) is not sufficient to impli- 
cate intracellular sulfhydryl depletion as an oper- 
ating mechanism of clinical nitrate tolerance. 
This is because sulfhydryl donors can react with 
nitroglycerin extracellularly to form S-nitrosothi- 
ols, and nonsulfhydryl compounds, such as enala- 
pril and hydralazine, can prevent the develop- 
ment of in vivo nitrate tolerance. In addition to 
the cellular biochemical reactions, organic ni- 
trates also produce systemic biochemical effects 
through altering neurohormonal status. These 
systemic effects may contribute significantly to 
the development of nitrate tolerance in therapeu- 
tic situations. 

(Am J Cardiol 1992;70:4B—10B) 
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rganic nitrate esters, such as nitroglycerin 
() ss. isosorbide dinitrate, and isosor- 

bide-5-mononitrate, are organic chemi- 
cals that contain the -ONO, group. These com- 
pounds are potent vasodilators that have enjoyed 
extensive use in cardiovascular therapy. Nitrates 
are part of a family of vasodilators called nitrova- 
sodilators, but other members of this class, e.g., 
nitroprusside, molsidomine, and organic nitrates, 
are not organic nitrates. 

Our current understanding of the biochemical 
mechanism of organic nitrate action is owed princi- 
pally to three major sets of findings. First, Needle- 
man! in the early 1970s demonstrated that the 
vasodilating action of nitrates is critically depen- 
dent on the availability of reduced sulfhydryl groups 
and that development of pharmacologic tolerance 
to their vasodilating effects may arise from intracel- 
lular sulfhydryl depletion. Second, the groups 
headed by Diamond? and Murad? in the mid- and 
late 1970s showed that the pharmacologic action of 
many nitrovasodilators is mediated through the 
activation of the enzyme guanylate cyclase, result- 
ing in an accumulation of intracellular cyclic 
guanosine 3’,5'-monophosphate (cGMP). Since 
nitric oxide (NO) is an active stimulator of guany- 
late cyclase,’ it was reasoned that nitrovasodilators 
act through the production of NO. Third, Ignarro 
et al,> in the early 1980s, extended these concepts 
and suggested that sulfhydryl groups react with 
NO, an end-product of nitrate metabolism, to form 
S-nitrosothiols, which then activate guanylate cy- 
clase. Through these studies, a biochemical cas- 
cade describing the mechanism of nitrate action 
has been formulated, viz: 


Organic nitrates first interact with sulfhydryl 
groups to produce NO (or S-nitrosothiols); 
these compounds then activate guanylate 
cyclase to produce cGMP, which then causes 
vasodilation. Nitrate tolerance, both in vivo 
and in vitro, is derived from intracellular 
sulfhydryl depletion, which reduces the meta- 
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bolic conversion of organic nitrates to NO, 
_ and thereby vasodilation. 


This cascade of biochemical events leading to 
nitrate action and tolerance development has now 
gained wide acceptance. 

In the past decade, selected aspects of this 
mechanism of nitrate action have been questioned 
and/or expanded. Among the major questions 
addressed are: 

1. What are the critical enzymes involved in the 
metabolic conversion of nitrates to NO? 
Where are these enzymes located? Do other 
nitrovasodilators share the same enzymes for 
NO production? 

2. What is the reaction pathway that leads to 
the production of NO? 

3. Are S-nitrosothiols obligatory intermediates 
for nitrate action? 

4. How critical are sulfhydryl groups for the 
action and the tolerance development of 
nitrates? 

5. How relevant is this intracellular biochemical 
mechanism of nitrate action for the develop- 
ment of in vivo tolerance? | 

In this review, we will attempt to provide some 
answers for these questions. Several recent studies 
conducted in our laboratory will be described. 


LOCATION AND NATURE OF THE NITRATE 
» METABOLIZING ENZYME 

If nitrates need to be activated to NO for them 
to exert their pharmacologic action, then it is 
important to determine the mediator(s) of this 
process. Feelisch and Noack® showed that several 
thiols can react chemically with NTG to produce 
NO, suggesting, therefore, that an enzymatic reac- 
tion may not be obligatory in vivo. Kawamoto et al’ 
failed to detect any specific binding of [7H]NTG (of 
high specific activity) to several subcellular frac- 
tions of the bovine pulmonary vein, thus support- 
ing the view that there may not be a nitrate 
“receptor” protein that mediates its action. 

We recently examined the metabolism of NTG 
in various subcellular fractions of the bovine coro- 
nary artery smooth muscle cell.* Our interests were 
to examine whether NO could indeed be formed 
from NTG in these vascular preparations, and if it 
could be, then to identify the primary site(s) of 
metabolic conversion to NO, the pertinent biologic 
end-product. To determine the rate and extent of 
NO formed, we sampled the headspace of the 
incubations, and assayed for NO via a redox 
chemiluminescence detector. Our assay technique 


is specific for NO, since it does not include a reflux 
procedure, which would convert nitrite ion to NO. 

We showed that membrane fragments of the 
bovine coronary artery smooth muscle cell contain 
substantial metabolic activities toward NTG. By 
comparing the NO-generating activity of the dif- 
ferent cellular subfractions with activities of sev- 
eral marker enzymes of known location, we found 
that the plasma membrane appeared to be a 
primary location of the organic nitrate metaboliz- 
ing enzyme. The NO-generating activities from the 
various subcellular fractions are well correlated 
with the activities of 2 marker enzymes, 5’- 
nucleotidase and K*-activated ouabain-sensitive 
para-nitrophenyl phosphatase, that are known to 
reside at the cellular plasma membrane. This 
membrane-bound enzyme, which converts NTG to 
NO, appears to have a functional molecular weight 
of about 160 kilodaltons (kDa; as determined by 
radiation inactivation target-size analysis’), is facil- 
itated by reduced sulfhydryl groups, and is not 
identical to glutathione S-transferase. !° 

Although purification and identification of this 
membrane-bound nitrate-metabolizing protein are 
still under way, we have obtained evidence that 
suggests that this metabolizing enzyme may not be 
shared by other nitrovasodilators. For example, we 
recently showed!! that organic nitrites (which in- 
clude amyl nitrite and isobutyl nitrite, both of 
which are used as drugs of abuse) are activated to 
NO by both the cytosolic and the microsomal 
fractions of the bovine coronary artery smooth 
muscle cell, but here the cytosolic fraction is more 
predominant. The functional molecular masses 
(determined by radiation inactivation target-size 
analysis) are about 263 and 79 kDa for the cytosolic 
and microsomal nitrite-activating enzymes, respec- 
tively. Preliminary data suggest that the enzymes 
that activate S-nitrosothiols and nitroprusside are 
different in functional molecular mass to the en- 
zymes already described. This multiplicity of en- 
zymes or “receptors” for different nitrovasodila- 
tors may be responsible, in part, for the diverse 
pharmacologic spectra of action exerted by these 
compounds, as evidenced by, for example, the 
stronger afterload effects exerted by nitroprusside 
and S-nitrosothiols when compared with those 
produced by organic nitrates. 


REACTION PATHWAY FOR THE PRODUCTION OF 
NO FROM NITRATE 

The chemical pathway for the bioactivation of 
organic nitrates to NO has not been clearly de- 
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fined. Ignarro et alf suggested that organic nitrates 
such as NTG are first denitrated to nitrite ion 
(NO,~), which reacts with intracellular hydrogen 
ion to form nitrous acid. Under acidic conditions, 
nitrous acid is decomposed to form NO. The 
necessity for nitrite ion to be an intermediate has 
been challenged by Bennett and Marks,'* who 
argued that intracellular NO,” concentrations de- 
rived from other sources are already quite high and 
questioned “how nanomolar concentrations of 
[NTG] being denitrated to NO,- could affect cell 
function, given that the endogenous intracellular 
NO, concentration is in the micromolar range.” 
Romanin and Kukovetz!’ showed that at equipo- 
tent concentrations of NTG and sodium nitrite 
(NaNO, ; for the stimulation of guanylate cyclase), 
the NO, concentrations produced were different 
by 1,000-fold, and they therefore concluded that 
guanylate cyclase activation by organic nitrates is 
not mediated via NO2~. 

We have obtained further evidence that argued 
against the direct production of NO through NO77. 
We showed (unpublished data), for example, that 
in the microsomal fraction of the bovine coronary 
artery smooth muscle cells, which we described 
earlier, NO, cannot stimulate the production of 
NO at concentrations that would be produced after 
NTG stimulation. These studies suggest that even 
when cellular permeability barriers are removed, 
NO,~ is too poor a generator of NO to be a viable 
intermediate in the cellular nitrate reaction cas- 
cade. 


DO NITRATES ACT OBLIGATORILY THROUGH 
S-NITROSOTHIOLS? 

Ignarro et al? showed that various nitrovasodila- 
tors react with cysteine under specified conditions 
to form S-nitrosocysteine, which, like other S-nitro- 
sothiols, markedly activate guanylate cyclase to 
elevate cGMP in isolated vascular strips and re- 
duce systemic arterial pressure in the anesthesized 
cat. Since several properties of S-nitrosothiol ac- 
tion are similar to those found for nitrovasodila- 
tors, these investigators suggested that “the vasodi- 
lator action of organic nitrates and nitrites, NaNO», 
nitroprusside, and NO are attributed, at least in 
part, to the formation of active, unstable, interme- 
diate S-nitrosothiols.” This work not only has 
provided the conceptual framework for subsequent 
studies on the biochemical mechanism of action of 
nitrovasodilators, but also stimulated the examina- 
tion of S-nitrosothiols as vasodilators in their own 
right.!416 

However, the question whether organic nitrates 


need to be converted to S-nitrosothiols (rather 
than just to NO) before they can exert their 
vasodilating action is not yet fully answered. Cra- 
ven and DeRubertis!’ showed that degraded NO- 
cysteine can stimulate cGMP production from a 
partially purified lung preparation of guanylate 
cyclase and concluded that “a decomposition prod- 
uet of NO—cysteine rather than NO—cysteine per se 
was responsible for guanylate cyclase activation.” 

Several recent studies on the biochemical mech- 
anism of NO production, in vitro vasodilation 
properties, and systemic hemodynamic action of 
S-nitrosothiols suggest that these compounds may 
have some unique properties of their own, rather 
than simply being biochemical intermediates of 
other nitrovasodilators. Kowaluk and Fung! 
showed that the in vitro vascular relaxation proper- 
ties of S-nitrosothiols do not appear to be due to 
spontaneous liberation of NO (as is generally 
assumed), but to be catalytically mediated by 
vascular membrane. These workers showed that 
the relaxation potencies of a series of S-nitrosothi- 
ols were not correlated with spontaneous NO 
generation. Further, the relaxant effects of 2 repre- 
sentative S-nitrosothiols were enhanced in the 
presence of superoxide dismutase and diminished 
in the presence of N-acetylpenicillamine, despite 
their opposite effects on NO production. Examina- 
tion of the catalytic activities of subcellular frac- 
tions suggested the predominant metabolic activity 
to be associated with membrane components of the 
cell. These results, together with those of Craven 
and DeRubertis,'’ suggest that S-nitrosothiols may 
exert their action via NO, rather than the other way 
around. 

Sellke et al! recently examined the influence of 
vessel size on the sensitivity of porcine coronary 
microvessels toward NO, S-nitrosocysteine, and 
NTG. They showed that S-nitrosocysteine pro- 
duced equal relaxations in all sizes of coronary 
microvessels, whereas both NO and NTG were 
least potent toward the small microvessels (60-100 
um in diameter). These authors suggested that “in 
small coronary microvessels, [the] biotransforma- 
tion of NTG [to S-nitrosothiols] is diminished 
compared with larger coronary arteries. This may 
be caused by a relative deficiency of available 
sulfhydryl groups or a lack of enzymes necessary 
for the conversion of NTG to its active metabolites 
in small coronary resistance vessels.” This explana- 
tion is plausible, but an alternative (and perhaps 
simpler) explanation might also be explored, viz: 
because of their similarity of action, it might be 
argued that NO, rather than S-nitrosothiols, might 
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be the more appropriate biochemical intermediate 
for NTG. 

Finally, the systemic hemodynamic effects of 
NTG appear to be different from those of a 
representative S-nitrosothiol, S-nitroso N-acetyl- 
penicillamine. Bauer and Fung!’ compared the left 
ventricular hemodynamic effects of NTG versus 
S-nitroso N-acetylpenicillamine in a rat model of 
heart failure, which they have shown to exhibit 
NTG-induced tolerance properties similar to those 
found in humans.” Using an infusion protocol, 
S-nitroso N-acetylpenicillamine was shown to be 
more potent than NTG in reducing left ventricular 
end-diastolic pressure and left ventricular peak 
systolic pressure. In fact, under the conditions 
used, the afterload effect (on left ventricular peak 
systolic pressure) was only seen with S-nitroso 
N-acetylpenicillamine. As expected, prolonged in- 
fusion of NTG in this animal model led to the 
development of tolerance to the initial beneficial 
effects on left ventricular end-diastolic pressure. 
Interestingly, prolonged infusion of S-nitroso 
N-acetylpenicillamine did not produce any toler- 
ance to the left ventricular hemodynamic effects. 
These results showed that, at a comparable pre- 
load effect, S-nitroso N-acetylpenicillamine pro- 
duces an afterload effect that is absent with NTG. 
Like its afterload effect, the preload effect of 
S-nitroso N-acetylpenicillamine is persistent with 
sustained infusion (up to 10 hours), whereas a 
comparable infusion of NTG led to rapid develop- 
ment of tolerance in left ventricular end-diastolic 
pressure. 

These studies suggest, therefore, that the forma- 
tion of S-nitrosothiols may not be obligatory for 
organic nitrate action. Since the reaction between 
NO and most reduced thiol groups is chemically 
favorable and rapid, it is likely, however, that some 
nitrosothiols will be formed intracellularly after 
nitrate administration. These S-nitrosothiols are in 
rapid equilibrium with the intracellular NO that is 
generated from the organic nitrate, and they may 
serve functionally as a more “stabilized” store for 
NO. 


SULFHYDRYL AVAILABILITY AND NITRATE 
ACTION 

The often-used criterion for defining whether 
sulfhydryl groups are critical for nitrate action is 
whether exogenous supplementation of sulfhydryl 
sources would either potentiate nitrate action or 
reverse the pharmacologic tolerance that has been 
induced. The reverse criterion, i.e., whether deple- 
tion of sulfhydryl sources would decrease nitrate 


action and induce tolerance, is less frequently 
applied and has only been carried out in in vitro 
preparations. In 1989, we reviewed the major 
evidence, up to that time, for and against this 
sulfhydryl hypothesis for nitrate action.”! We found 
that addition of sulfhydryl compounds indeed can 
potentiate the in vitro and in vivo action of nitrates 
in a number of preparations, but this phenomenon 
is by no means universally observed. More recent 
evidence suggests that both sulfhydryl-generating 
(methionine)? and nonsulfhydryl compounds (enal- 
april? and hydralazine,” see discussion later) can 
reverse or prevent the occurrence of in vivo NTG- 
induced tolerance. These results appear to indicate 
that the availability of reduced sulfhydryl groups 
may facilitate the vasodilating action of organic 
nitrates, but that tolerance development (particu- 
larly in vivo) may not necessarily result from 
sulfhydryl depletion. 

The fact that addition of exogenous sulfhydryl 
sources may reverse nitrate tolerance is not, by 
itself, a sufficient and necessary criterion that 
sulfhydryl depletion occurs during such tolerance 
development. We showed” that sulfhydryl donors, 
such as N-acetylcysteine, can react with NTG to 
form S-nitrosothiols in blood (i.e., outside the 
smooth muscle cells). Since S-nitrosothiol is a 
potent activator of guanylate cyclase itself, vascular 
relaxation can result from the extracellular forma- 
tion of S-nitrosothiol, rather than necessarily from 
an intracellular repletion of sulfhydryl groups. This 
concept of extracellular interaction between sulfhy- 
dryl compounds and nitrates has been supported 
recently by other studies.*°’ 

Whatever the mechanism of this sulfhydryl- 
nitrate interaction in vivo, it is quite clear that 
sulfhydryl donors can at least bring about partial 
reversal of nitrate tolerance. The major problem is 
a lack of in vivo potency of the sulfhydryl donors 
that are currently used. To achieve its beneficial 
interactive effect in humans, N-acetylcysteine and 
methionine need to be administered at doses of 
200 mg/kg orally?’ and 5 g intravenously,” respec- 
tively. Clearly, if this interactive effect is to be used 
with any success in the clinical setting, more potent 
sulfhydryl sources will have to be identified. 

We recently examined the effectiveness of 29 
sulfhydryl donors concerning their ability to liber- 
ate NO from NTG, using human plasma as a 
catalytic medium.” N-acetylcysteine was among 
the most active sulfhydryl compounds found; its 
activity was only superseded by mercaptosuccinic 
acid (2x), thiosalicylic acid (10), and thiosalicylic 
acid methyl ester (3X). Under the conditions of 
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study, captopril and cysteine, among others, were 
only about 10-20% as effective as N-acetylcysteine, 
and methionine was not active. These results sup- 
ported the view that whatever positive effect that 
methionine might have in reversing nitrate toler- 
ance, it is brought about intracellularly, presum- 
ably through conversion of methionine to L-cys- 
teine. These results also suggested that the 
beneficial interaction between captopril and ni- 
trates, observed at clinical doses,” is probably 
mediated through the physiologic action of the 
angiotensin-converting enzyme (ACE) inhibitor, 
rather than through the sulfhydryl donating ability 
of captopril. 

Sulfhydryl compounds, therefore, appear to reg- 
ulate the pharmacologic action of organic nitrates. 
However, despite widespread acceptance of the 
concept, it is still unclear how much the phenome- 
non of intracellular sulfhydryl depletion indeed 
contributes to the occurrence of nitrate tolerance 
in the clinical setting. 


BIOCHEMICAL MECHANISM OF TOLERANCE: 
VASCULAR OR SYSTEMIC? 

Although it is possible to invoke the sulfhydryl 
depletion hypothesis to explain the occurrence of 
pharmacologic tolerance induced by organic ni- 
trates, it is difficult to use the same mechanism to 
rationalize another known effect of these drugs, 
that of nitrate rebound. It has long been known 
that munitions workers develop what are called 
“Monday headaches” after temporary withdrawal 
of nitrate exposure during the weekend and that 
some individuals may even develop ischemic heart 
disease following withdrawal from chronic NTG 
exposure.”? Olivari et al? examined the hemody- 
namic responses to transdermal NTG in patients 
with congestive heart failure. They showed that 
after NTG removal, each patient exhibited a tran- 
sient decrease in cardiac index, along with a 
transient increase in pulmonary and systemic arte- 
rial pressures, and systemic, pulmonary, and fore- 
arm vascular resistances. These rebound phenom- 
ena are consistent with the development of 
counterregulatory vasoconstrictive forces during 
nitrate therapy. 

Several studies have suggested that systemic 
biochemical changes also occur during nitrate toler- 
ance. Lis et al! observed that during 48-hour 
intravenous NTG administration to patients with 
acute myocardial infarction, both the hemoglobin 
concentration and packed cell volume were re- 
duced, suggesting a potential increase in plasma 
volume. In their study, Olivari et al? did not find 


accompanying changes in plasma renin and cate- 
cholamine levels in patients with congestive heart 
failure during either the NTG treatment or re- 
bound periods, but in normal subjects, they did find 
peripheral vasodilation to be accompanied by re- 
flex sympathetic stimulation, as reflected by an 
increase in heart rate and plasma norepinephrine. 
Packer et al showed that when patients with 
congestive heart failure were infused with NTG for 
48 hours, hemodynamic tolerance developed, and 
this was accompanied by significant increases in 
plasma renin activity as well as body weight. 

In contrast, Elkayam et al’? showed no apparent 
changes in serum catecholamine and renin concen- 
trations after transdermal NTG application in 
patients with congestive heart failure, even though 
rapid attenuation of a mild effect on pulmonary 
artery wedge pressure was seen. It must be pointed 
out, however, that the lack of changes of plasma 
levels of neurohormonal factors is not, in itself, a 
sufficient argument against the neurohormonal 
mechanism of nitrate tolerance. First of all, plasma 
neurohormonal levels are influenced by many 
factors, including synthesis, release, and degrada- 
tion of various vasoactive hormones. Thus, plasma 
levels may not properly reflect changes in the 
pertinent tissue compartments. Secondly, tissue 
response toward circulating neurohormonal stimu- 
lation is based not only on the concentrations of 
these agents, but also (among other factors) on 
receptor density and binding capacity as well. We 
have preliminary evidence (unpublished data) that 
suggests potential alterations in receptor and ion 
channel density and/or activity in the left ventricle 
and in vascular segments during intermittent and 
continuous NTG administration in a rat model of 
heart failure. Thus, physiologic receptor responses 
may be altered even though plasma neurohor- 
monal concentrations may appear unchanged. 

Other studies also appear to support systemic 
biochemical compensation, rather than vascular 
sulfhydryl depletion, as an in vivo mechanism of 
nitrate tolerance. Katz et al? recently showed that 
enalapril, a nonsulfhydryl ACE inhibitor, is capa- 
ble of preventing the development of tolerance to 
the venodilating effects of NTG in normal volun- 
teers. We also showed that coadministration of 
hydralazine can avert the development of NTG- 
induced tolerance to its left ventricular end- 
diastolic pressure effects in experimental heart 
failure.” Since hydralazine did not prevent the 
development of NTG-induced vascular tolerance 
in vitro, nor did it affect NTG pharmacokinetics in 
vivo, it appears reasonable to suggest that this 
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beneficial effect might arise from a systemic, rather 
than vascular, interaction. In the same experimen- 
tal model of heart failure, Flaim? showed that 
NTG infusion produced decreases in renal blood 
flow by about 20%. Leier et al** also observed that 
isosorbide dinitrate decreased renal blood flow, 
whereas hydralazine increased it. We surmised, 
therefore, that NT'G-induced tolerance might arise 
from reduced perfusion of the kidneys during 
chronic NTG dosing, leading to the production of 
counterregulatory neurohormonal factors to main- 
tain adequate renal blood flow. Both the ACE 
inhibitors and hydralazine can prevent the develop- 
ment of nitrate tolerance, presumably because they 
can interrupt or counteract this process. 


CONCLUSION 

= More information has been gained about the 
biochemical mechanism of nitrate action and toler- 
ance in the past decade. The picture that emerges 
suggests that NO, rather than S-nitrosothiols, may 
be the proximate end-product that stimulates gua- 
nylate cyclase, and that NO77 may not be directly 
involved in the production of intracellular NO. A 
major enzyme that converts NTG to NO in the 
bovine coronary artery smooth muscle cell appears 
to be located in the cellular plasma membrane. 
Since thiol-mediated enhancement of nitrate ac- 
tion or reversal of its tolerance may be brought 
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FIGURE 1. Cellular biochemical mechanism of action for 

organic nitrates, using nitroglycerin (NTG) as a represen- 

tative example. cGMP = cyclic guanosine 3’ ,5'- mono- 

phosphate; NO = nitric oxide; RSH = reduced 

RSSR = oxidized sulfhydryl; RSNO = S-nitrosothiol. 
(Adapted from Fung et al.?5) 


about by extracellular formation of S-nitrosothiols, 
the positive effects of sulfhydryl donors on nitrate 
action are not sufficient, by themselves, to support 
a mechanism of nitrate tolerance that involves 
sulfhydryl depletion. An updated cellular biochem- 
ical scheme of organic nitrate action is shown in 
Figure 1. In addition to these reactions, however, 
systemic neurohumoral responses also occur dur- 
ing chronic nitrate administration, and increasing 
evidence suggests that these changes may be par- 
tially responsible for the development of tolerance 
toward organic nitrates. 
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During the past decade, it has become clear that 
the vascular endothelium critically influences 
vascular permeability, controls vessel growth, 
modulates hemostasis, and regulates vasomo- 
tion. This latter role of the endothelium is medi- 
ated by the liberation of a number of potent vaso- 
active compounds, including endothelium-derived 
relaxing factors, one of which is either nitric ox- 
ide or a compound that releases nitric oxide, va- 
soactive prostaglandins, hyperpolarizing factors, 
and a number of constricting factors. This role of 
the endothelium is dramatically altered by sev- 
eral diseases, including atherosclerosis, hyper- 
tension, and diabetes. Abnormalities of endothe- 
lial regulation of vascular tone may contribute to 
a number of clinical syndromes, including variant 
angina, unstable angina, syndrome X, and per- 
haps many others. In this review, several aspects 
of the endothelium-derived relaxing factor will be 
considered, including recent concepts regarding 
its synthesis, its chemical identity, and alter- 
ations in atherosclerosis. Finally, its action in the 
coronary microcirculation as contrasted to that 
of nitroglycerin will be considered. 

(Am J Cardiol 1992;70:11B—17B) 
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raditionally, it was assumed that the major 
; function of the vascular endothelium was to 
serve as a barrier to permeability. In the last 
15 years, numerous other crucial functions of this 
important organ have been clearly defined. It is 
now clear that the endothelium indeed regulates 
vascular permeability, likely via actin and myosin 
interactions within the endothelial cells them- 
selves,! hemostasis (for review see Crossman and 
Tuddenham?), and vascular growth.*> Among the 
most interesting and important aspects of endothe- 
lial cell function, particularly to the physician 
caring for individuals with cardiovascular disease, 
is its crucial role in regulating vascular tone. It is 
now known that the endothelium synthesizes and 
releases a variety of vasoactive substances. These 
include prostacyclin,” the endothelium-derived 
relaxing factor (EDRF),*"! angiotensin II,'* sev- 
eral vasoconstrictor prostaglandins,'*:'* the potent 
vasoconstrictor polypeptide endothelin,” and the 
superoxide anion.'® Of these, EDRF has spawned 
the most intense interest and has been the focus of 
a large amount of recent investigation. 


ENDOTHELIUM-DERIVED RELAXING FACTOR 
Even before Furchgott’s initial observation,® it 
was known that acetylcholine could produce in- 
creases in cyclic guanosine monophosphate (cGMP) 
and activate guanylate cyclase,'’ a feature shared 
with the pharmacologic nitrovasodilators. It is now 
clear that the classic EDRF is either nitric oxide 
(NO)! or a compound that yields NO under 
appropriate circumstances.'’? Recent experiments 
from several laboratories have suggested that the 
nitrosothiol, S-nitrosocysteine, more closely resem- 
bles EDRF than does NO in terms of its ability to 
relax vascular tissue in a bioassay type prepara- 
tion,!? its electron spin characteristics,” and its 
ability to dilate vessels previously exposed to an 
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oxidative stress.*! Whether or not the classic EDRF 
is truly NO or a related compound, it is clear that it 
is derived from the guanidino nitrogen atoms of 
arginine? and that this process is catalyzed by an 
enzyme identified as either NO synthase, guanylate 
cyclase activating enzyme, arginine oxidase, or 
EDRF synthase.**~ There are at least 3, and likely 
many more, NO synthases. One is the endothelial 
cell enzyme, which is primarily membrane bound.” 
A second is found in the brain.» The latter is 
similar to the endothelial cell enzyme except that it 
is largely located in the cytoplasm. These 2 are 
constitutively expressed in these tissues and are 
regulated by increases in intracellular calcium 
interacting with calmodulin. Reduced nicotinamide- 
adenine dinucleotide phosphate (NADPH) is used 
as a necessary cofactor, and the oxidation of 
arginine requires molecular oxygen. Macrophages 
also contain a NO synthase,” which differs from 
the endothelial cell and brain enzymes in that it 
does not require either calmodulin? or in most 
instances calcium.” This enzyme is not constitu- 
tively expressed, but is induced on exposure to a 
variety of cytokines and endotoxin. Recently, it has 
become clear that numerous other cell types can be 
induced to express this NO synthase, including 
vascular smooth muscle cells?30 and endothelial 
cells.°! The induction of NO synthase (and thus 
production of a vasodilator nitrosyl compound by 
the vascular smooth muscle) by endotoxin renders 
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vessels unresponsive to vasoconstrictor stimuli*? 
and likely plays a central role in endotoxic shock. 
Recently, it has been shown that corticosteroids 
can prevent induction of NO synthase by endo- 
toxin.” This observation may explain the potential 
beneficial effect of steroids in sepsis. 

The endothelium also releases a factor that 
hyperpolarizes vascular smooth muscle.” When 
vascular smooth muscle is hyperpolarized by such a 
factor, voltage-dependent calcium channels are 
closed, and the entrance of extracellular calcium 
inhibited, leading to a vasorelaxed state. Most 
experiments have suggested that this hyperpolariz- 
ing factor is separate from the classic EDRF, which 
activates guanylate cyclase and is similar to nitric 
oxide,’ although one study recently demon- 
strated that NO could hyperpolarize blood vessels 
and suggested that NO and the endothelium- 
derived hyperpolarizing factor were the same.?’ 
Very recently, several studies have shown that even 
large concentrations of arginine antagonists do not 
inhibit endothelium-dependent vascular relaxation 
of some blood vessels.*** These observations sug- 
gest that these vessels may release an EDRF that is 
not derived from arginine and thus is not likely to 
be NO or even a related compound. The mecha- 
nism of action of such a compound and its chemical 
identity remain unknown. It is quite possible that it 
is indeed a hyperpolarizing factor. 


*p < 0.05 vs normal 
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FIGURE 1. Endothelium-dependent relaxations to acetyicholine (ACh) and the caicium ionophore A23187 in iliac arteries 
of normal and atherosclerotic monkeys. Atherosclerosis was produced by feeding cynomolgus monkeys a 0.7% choles- 


terol diet for 18 months. The iliac arteries were studied in organ chambers, where measurements of 
constriction with prostaglandin F,,, either acetyicholine or the calcium ionophore A23187 was 


were made. F 


ollowing 
added in increasing concentrations. Unlike the relaxations produced by these substances, 
were unaltered in the atherosclerotic vessels. (Reprinted with permission from Circ Res.**) 


tension 
relaxations to nitroglycerin 
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IMPLICATIONS FOR DISEASE STATES 

Several common diseases are associated with 
profound abnormalities of endothelium-depen- 
dent vascular relaxation. These include atheroscle- 
rosist®? (Figure 1), acute hypertension,*’ chronic 
hypertension,“** diabetes, and ischemia with 
subsequent reperfusion.“ Abnormalities of this 
important function of the endothelium may contrib- 
ute to coronary spasm, unstable angina, systemic 
hypertension, pulmonary hypertension, the syn- 
drome of chest pain and normal coronaries, and 
potentially other disorders, such as migraine or 
Raynaud’s disease. 
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The defect responsible for these abnormalities 
has been a matter of substantial interest. Experi- 
mental data have suggested that in atherosclerosis 
there are deficiencies of membrane signaling within 
the endothelial cell,** a deficiency of arginine (the 
substrate for endothelium-derived nitrogen ox- 
ides),*? or increased degradation of EDRF by the 
superoxide anion.5®5! Implication of the superox- 
ide anion is based on data from our own labora- 
tory. We have found that the endothelium of 
cholesterol-fed rabbits produces excess quantities 
of nitrogen oxides with minimal vasodilator activ- 
ity.° This finding is compatible with the concept 
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FIGURE 3. Responses of coronary microvessels (100—200 uym diameter) to adenosine diphosphate and thrombin. Ves- 
sels from normal cynomolgus monkeys and monkeys fed a high cholesterol diet for either 8—11 weeks (short term) or 18 
months (long term) were studied. Short-term hypercholesterolemia minimally affected endothelium-dependent vascular 
relaxations of coronary microvessels. In contrast, these responses were dramatically altered by long-term cholesterol 
feeding. ADP = adenosine diphosphate. (Reprinted with permission from Arterioscler Thromb.") 
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FIGURE 4. Responses of various sizes of porcine coronary microvessels to nitroglycerin, nitric oxide, S-nitrosocysteine, 
and bradykinin. Nitroglycerin produced only minimal relaxations of coronary microvessels < 100 um in diameter while 
putative metabolites of nitroglycerin potently dilated these vessels. (Reprinted with permission from Am J Physiol.58) 
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that the EDRF is degraded to an inactive nitrosyl 
compound before being released from the endothe- 
lial cell. In a subsequent study, we found that a 
1-week treatment with polyethylene-glycolated su- 
peroxide dismutase markedly enhanced endothe- 
lium-dependent vascular relaxation to acetylcho- 
line and the calcium ionophore A23187 in 
cholesterol-fed, but not in normal, rabbits.°! The 
most likely explanation for this finding is that in the 
atherosclerotic vessel, excess generation of oxygen- 
derived radicals leads to destruction of the EDRF 
before it reaches the vascular smooth muscle and 
this could be prevented by increasing the vascular 
concentration of superoxide dismutase. In the near 
future, it may be quite reasonable to employ 
antioxidants clinically in selected circumstances in 
which alterations of endothelium-dependent vascu- 
lar relaxation contribute to the disease process. 

Importantly, chronic hypercholesterolemia not 
only impairs endothelium-dependent vascular relax- 
ation in large vessels, but also in the microcircula- 
tion.5%54 In vitro studies of primate coronary resis- 
tance vessels have shown that endothelial regulation 
of vascular tone is strikingly abnormal when the 
animals have received a high cholesterol diet for a 
prolonged period**** (Figure 2), but only mini- 
mally altered by short-term hypercholesterolemia™ 
(Figure 3). 
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The defect of endothelium-dependent vascular 
relaxation present in atherosclerosis is reversible. 
Experimental data supporting this came from exper- 
iments in which monkeys were made atheroscle- 
rotic by feeding a high cholesterol diet for 18 
months.*> Regression of atherosclerosis was then 
achieved by feeding the monkeys a normal diet for 
18 months. The iliac arteries were then studied in 
organ chambers. Unlike the responses of iliac 
arteries from monkeys with atherosclerosis, the 
endothelium-dependent vascular relaxations of 
these vessels were entirely normal. 


NITROGLYCERIN AS A SUBSTITUTE FOR THE 
EDRF IN ATHEROSCLEROSIS 

It has become fashionable to refer to EDRF as 
the endogenous nitrovasodilator and to state that 
treatment with nitroglycerin can actually replace 
EDRF in patients in whom the endothelium is 
likely not functional. Although these statements 
are in part correct, it is clear that there are 
important differences between nitroglycerin and 
EDRF. Whereas EDRF and nitrovasodilators such 
as nitrosothiols dilate all size classes of coronary 
microvessels, nitroglycerin has only minor effects 
on coronary microvessels <100 um in diameter?® 
(Figure 4). This is a very important characteristic 
of nitroglycerin, which limits the compound’s effect 
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FIGURE 5. Effect of L-cysteine on the dilation of small coronary microvessels (< 100 pm diameter) to nitroglycerin. Prior 
to the addition of L-cysteine, coronary microvessels of this size responded minimally to nitroglycerin. After the addition 
of L-cysteine, these vessels became quite responsive to nitroglycerin. L-Cysteine had no effect on vasodilation to other 
substances and no effect on coronary microvessels > 100 um diameter. (Reprinted with permission from J Pharmacol 


Exp Ther.**) 
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on coronary flow and prevents coronary steal. 
Studies of the coronary microcirculation both in 
vitro and in vivo’®°® have suggested that the 
smaller coronary microvessels are incapable of 
converting nitroglycerin to its active vasodilator 
metabolite. Compounds such as sodium nitroprus- 
side, nitrosothiols, EDRF, and NO are not depen- 
dent on the complex biotransformation needed for 
nitroglycerin, and thus are potent vasodilators of 
all sizes of coronary microvessels. 

Newer antianginal vasodilators should be evalu- 
ated in terms of their effect on the coronary 
microcirculation. It is quite likely that if com- 
pounds could be developed that mimic the pattern 
of nitroglycerin in the coronary microcirculation, 
they could be quite useful in the treatment of 
regional myocardial ischemia. In contrast, com- 
pounds that produce uniform dilation of all sizes of 
coronary microvessels would likely not be as effec- 
tive and may cause coronary steal, worsening 
regional ischemia. Further, strategies to prevent 
tolerance to nitroglycerin should be evaluated in 
terms of their effect on the biotransformation of 
nitroglycerin in the coronary microcirculation. One 
such approach has been to administer thiol- 
donating compounds. Recent experiments have 
shown that the thiol-donating compound L-cys- 
teine markedly enhances the effect of nitroglycerin 
in coronary microvessels <100 um in diameter 
(Figure 5).°’°® Thus, the concomitant administra- 
tion of L-cysteine with nitroglycerin effectively 
converts nitroglycerin to a small vessel dilator such 
as adenosine. Whether or not this may predispose 
to the coronary steal phenomenon clinically has 
not been demonstrated, but the potential for such 
an effect certainly exists. 
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Antiplatelet and Antithrombotic Effects of 
Organic Nitrates 


Joseph Loscalzo, MD, PhD 


Organic nitrates are believed to provide relief 
from angina principally by dilating the coronary 
vasculature. Substantial evidence exists, how- 
ever, to support a potent antiplatelet effect for 
these agents as well. Each of these compounds 
ultimately is metabolized to nitric oxide (or an 
S-nitrosothiol congener thereof), and this metab- 
olite, in turn, is a potent activator of platelet gua- 
nylate cyclase. Activation of guanylate cyclase 
increases platelet cyclic guanosine monophos- 
phate (cGMP), and is accompanied by inhibition 
of agonist-mediated calcium flux, and, in turn, 
reduction of fibrinogen binding to the glycopro- 
tein lib/illa receptor. Since fibrinogen binding is 
essential for platelet aggregation regardless of 
the agonist involved, its inhibition appears to be 
the critical mechanism by which platelet function 
is impaired by these agents. The recently recog- 
nized role that platelet-dependent thrombotic 
processes play in acute coronary syndromes sug- 
gests that the inhibition of platelets by nitrates 
may offer an additional mechanism by which 
these compounds improve perfusion to ischemic 
myocardium. 

(Am J Cardiol 1992;70:18B-—22B) 
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nhibition of platelet function by organic ni- 

trates was first reported by Hampton and 

colleagues,' who showed in 1967 that nitroglyc- 
erin impairs platelet aggregation in vitro in re- 
sponse to adenosine 5'-diphosphate. Subsequently, 
several other groups substantiated these observa- 
tions using different experimental conditions and 
different organic nitrate derivatives, including isos- 
orbide and nitroprusside.”* The major objection to 
the relevance of these observations rested on the 
fact that suprapharmacologic concentrations of 
agents were required to manifest these inhibitory 
effects in vitro. 

In 1985, Loscalzo’ showed that by maintaining 
intracellular reduced thiol equivalents, both nitro- 
glycerin and nitroprusside inhibited platelet aggre- 
gation at pharmacologically achievable concentra- 
tions in vivo. In these experiments, platelet 
inhibition was temporally associated with an in- 
crease in intraplatelet cyclic guanosine monophos- 
phate (cGMP) levels, an observation that is en- 
tirely consistent with the guanylate cyclase- 
dependent mechanism by which nitrates are 
believed to relax vascular smooth muscle. 

In addition to direct inhibition of platelet aggre- 
gation responses, nitroglycerin inhibits other pro- 
thrombotic platelet functions. Stamler and col- 
leagues! showed that nitroglycerin disperses 
preformed platelet clumps, and Lam and cowork- 
ers!! demonstrated that nitroglycerin reduces plate- 
let adhesion to mechanically injured endovascula- 
ture. 


EVIDENCE FOR INHIBITION OF PLATELET 
FUNCTION BY ORGANIC NITRATES 

Evidence for the antiplatelet action of organic 
nitrates in vivo derives both from observations in 
experimental animal models and clinical observa- 
tions in humans. Folts and colleagues! recently 
showed that intravenous nitroglycerin inhibits plate- 
let-dependent cyclic flow responses in canine coro- 
nary arteries. Further, these investigators showed 
that pretreatment with N-acetylcysteine as a source 
of reduced thiol induces inhibition of cyclic flow at 
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concentrations of nitroglycerin that alone do not 
reduce the frequency of these platelet-dependent 
responses. Importantly, the inhibition of platelet- 
dependent cyclic flow occurs at concentrations of 
nitroglycerin that only modestly reduce mean arte- 
rial pressure and have no effect on coronary flow in 
control vessels. Lam and coworkers!!!3;4 also 
showed in an animal model that nitroglycerin 
inhibits adhesion of platelets to extracorporeal 
vessel segments that are mechanically injured and 
does so in a cGMP-dependent manner. 

Evidence for an antiplatelet effect of organic 
nitrates in humans is equally compelling. Two 
groups of investigators showed that nitroglycerin 
prolongs bleeding time significantly,'!° whereas 
Kuritzky recently showed that sublingual nitroglyc- 
erin disperses platelet-rich occlusive thrombi in the 
retinal circulation." Three groups of investigators 
demonstrated that intravenously administered ni- 
troglycerin inhibits platelet aggregation ex vivo in 
humans!*9; however, in order to optimize the 
observed inhibitory effects, either aggregation re- 
sponses must be measured soon after phlebotomy 
or reduced intraplatelet thiol stores must be main- 
tained. In addition, antiplatelet effects of nitroglyc- 
erin are generally not apparent in humans without 
concomitant hemodynamic changes, may be de- 
layed by >30 minutes from the time of onset of 
administration of the agent, and often evoke com- 
pensatory sympathetic responses that can modu- 
late platelet responses as well. In contrast to these 
effects of nitroglycerin that are so dependent on 
ambient conditions, nitroprusside is a potent inhib- 
itor of platelet aggregation ex vivo, the effects of 
which are far less sensitive to experimental condi- 
tions.?!22 


MECHANISM OF PLATELET INHIBITION BY 
ORGANIC NITRATES 

The metabolism and mechanism of action of 
organic nitrates in platelets are directly analogous 
to that in smooth muscle cells. Each of these 
compounds is converted ultimately to nitric oxide 
(NO) by a common thiol-dependent pathway, and 
this oxide of nitrogen in turn activates guanylate 
cyclase. Resulting increases in intracellular cGMP 
lead to relaxation of vascular smooth muscle and to 
platelet inhibition. 

The lack of elevation of cyclic adenosine mono- 
phosphate (cAMP) in platelets after incubation 
with organic nitrates led Schafer and colleagues? to 
conclude that platelet inhibition by these com- 
pounds is not accompanied by activation of adeny- 
late cyclase. The possibility that cGMP may be 


involved was not considered at the time, because 
data extant in the literature supported the view 
that elevations in this cyclic nucleotide were accom- 
panied by platelet activation.” Data from two 
groups, however, suggested that cGMP is not an 
obligatory second messenger in platelet activa- 
tion.”°.27 Further, reports by Weiss and colleagues”® 
and by Pfleiderer” that nitroprusside inhibits plate- 
let aggregation in conjunction with an increase in 
cGMP lent credibility to an inhibitory role for this 
cyclic nucleotide. Mellion and coworkers” subse- 
quently identified the unequivocal relation be- 
tween cGMP and platelet inhibition by NO and 
related nitroso compounds. An analog of cGMP, 
8-bromo-cGMP, produced similar inhibitory ef- 
fects as nitroso compounds, and methemoglobin, 
by virtue of its ability to bind NO with high affinity 
at its heme site, attenuated the increase in cGMP 
induced by nitroso compounds coincident with 
reduced inhibitory action. 

In order for the platelet inhibitory effects of 
organic nitrates to be manifest, these compounds 
must be metabolized to NO. More specifically, 
organic nitrates undergo denitrification (to NO2~) 
and reduction (to NO) during their metabolism, 
whereupon the NO produced is available for activa- 
tion of guanylate cyclase by binding to the heme 
group at the enzyme’s activator site. Importantly, 
reduced thiol species catalyze the generation of 
NO from parent organic nitrate compounds, likely 
by way of thionitrate and thionitrite intermediates. 
This reaction mechanism has been proposed for 
both nonenzymatic and enzymatic metabolism of 
nitrates in reactions that depend critically on 
available reduced thiol (sulfhydryl) groups. 

Nonenzymatic metabolism in a physiologic mi- 
lieu is best accomplished with cysteine, 2 mole- 
cules of which are consumed per mole of nitrite 
generated from nitroglycerin, suggesting that cys- 
tine forms in the process. In plasma, denitrification 
of glycerol-1-nitrate follows biphasic kinetics. The 
“rapid” phase (k = 2.8 M~! hr~') of denitrification 
has been thought to be accompanied by the con- 
sumption of plasma cysteine; however, since the 
sulfhydryl content of plasma is largely determined 
by cys-34 of serum albumin,*! a denitrification 
mechanism that depends on albumin-mediated 
catalysis seems more reasonable” (vide infra). 

In contrast to nonenzymatic denitrification 
mechanisms, enzyme-catalyzed denitrification has 
been studied in some detail. The glutathione-S- 
transferases are an important group of molecules 
that can denitrify organic nitrates. These proteins 
comprise a family of enzymes that enhance the 
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nucleophilicity of the thiol group of glutathione 
bound to the active site of the enzyme.** Several 
isozymes have been purified from and character- 
ized in a variety of tissues, including hepatocytes? 
and platelets, and can utilize a variety of com- 
pounds as cosubstrates with glutathione, included 
among which, from the standpoint of this discus- 
sion, are organic nitrates.’ The reaction of re- 
duced glutathione with an organic nitrate yields 
nitrous acid, which requires further reduction to 
NO, and glutathione disulfide. Nitrous acid is then 
reduced to NO either through protonation or by 
formation of thionitrites (S-nitrosothiols).*° 
S-Nitrosothiols are adducts of reduced thiols 
and NO (RS-NO). Recognized as distinct chemical 
entities since the early 1900s, these molecules have 
been used principally as sulfenylating and nitrosy- 
lating agents. More recently, the possible role of 
S-nitrosothiols in biologic systems has been ad- 
dressed. Ignarro and coworkers*’* first showed 
that nitroglycerin reacts nonenzymatically prima- 
rily with the reduced biologic thiol, L-cysteine, to 
form S-nitroso-L-cysteine, mainly by way of a thio- 
nitrate (RS-NO>) intermediate. The general nonen- 
zymatic reaction of nitrous acid or NO with re- 
duced thiols is not, however, thiol-specific.*? In that 
the most abundant source of reduced thiol in the 
platelet is glutathione and incubation of platelets 
with nitroglycerin rapidly depletes reduced platelet 
thiol stores, reduced glutathione is very likely 
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involved either directly or indirectly in the metabo- 
lism of nitroglycerin to RS-NO species following 
enzymatic denitrification in the platelet. 

Several lines of evidence support the view that 
S-nitrosothiols are bioactive intermediates in the 
metabolism of organic nitrates in the platelet. 
Reduced thiol potentiates the antiplatelet effect of 
nitroglycerin®!037; incubation of platelets in vitro 
with nitroglycerin depletes intracellular reduced 
thiol stores concomitantly with the formation of 
RS-NOs’; and S-nitrosothiols synthesized de novo 
inhibit platelet aggregation and secretion re- 
sponses in a cGMP-dependent manner.’ 10-29,40,41 

Since the principal source of reduced thiol in 
plasma is the free thiol group of serum albumin 
(cys-34)*! and since nonenzymatic catalysis of deni- 
trification can be facilitated by albumin,°* we posed 
the hypothesis that the free thiol of serum albumin 
can interact with oxides of nitrogen under physio- 
logic conditions to form a potent vasodilator and 
platelet inhibitor. To test this hypothesis, we synthe- 
sized S-nitroso-(bovine) serum albumin (S-nitroso- 
BSA) and tested its action as an inhibitor of 
platelet aggregation and as a vasorelaxant. S-ni- 
troso-BSA was readily synthesized both with (acid- 
ified) nitrite and with NO derived from arginine by 
the action of bovine cerebellar NO synthase under 
physiologic conditions of pH and ionic strength. In 
contrast to low molecular weight thiols, the pK of 
cys-34 in serum albumin is low (pK 4-5), thereby 


PLAIELET 


FIGURE 1. The metabolism and 
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facilitating reactivity toward NO under physiologic 
conditions. We found that S-nitroso-BSA is a 
potent vasodilator and a potent platelet inhibitor 
in vitro. When administered intravenously to dogs 
that have been ganglionically blocked, this unique 
compound produces significant reductions in blood 
pressure and a correlative increase in bleeding 
time with a duration of action that is significantly 
prolonged compared with other more common, 
direct nitrovasodilators, such as nitroglycerin. 

The specific molecular mechanism(s) by which 
S-nitrosothiols inhibit platelet function have been 
studied in detail.**°*! S-nitroso-N-acetylcysteine 
and §-nitroso-L-cysteine inhibit platelet aggrega- 
tion to all classic agonists in a dose-dependent 
manner with [Cs values in the micromolar range. 
Inhibition of aggregation correlates with a signifi- 
cant reduction in the number of fibrinogen mole- 
cules bound to the platelet surface and with an 
increase in the apparent Ka for fibrinogen binding. 
Inhibition of fibrinogen binding correlates, in turn, 
with peak cGMP elevations stimulated by incuba- 
tion with the S-nitrosothiol, which are also associ- 
ated with a dramatic reduction in the usual agonist- 
induced increases in intracellular calcium 
accompanying platelet activation. Incubation of 
platelets with cGMP analogues and with cGMP 
phosphodiesterase inhibitors reduce fibrinogen 
binding and platelet aggregation similarly. Platelet 
secretion induced by classic agonists of platelet 
activation is also reduced by S-nitrosothiols, and 
this inhibitory process is also accompanied by an 
increase in platelet cGMP. The mechanism(s) by 
which organic nitrates are metabolized in platelets 
and inhibit platelet function are shown schemati- 
cally in Figure 1. 


RELATION BETWEEN PLATELET INHIBITION BY 
ORGANIC NITRATES AND PLATELET INHIBITION 
BY ENDOTHELIUM-DERIVED RELAXING FACTOR 
The first report that endothelium-derived relax- 
ing factor (EDRF) inhibits platelet function was 
that of Azuma and colleagues” in 1986. In the next 
year, Radomski and coworkers* showed that this 
inhibitory mechanism involves cGMP. Two inde- 
pendent groups of investigators subsequently 
showed that EDRF is chemically identical to 
NO.** We proposed that S-nitrosothiols are in- 
volved in the mechanism by which EDRF inhibits 
platelet function and, in support of this hypothesis, 
showed in 1989 that N-acetylcysteine potentiates 
the antiplatelet effects of EDRF in a cGMP- 
dependent manner.'? Subsequently, we demon- 
strated that this reduced thiol prolongs the half-life 


of EDRF as well.*! As additional support of the 
biologic relevance of these observations, we have 
recently shown that EDRF induces S-nitrosylation 
of reduced thiol species under physiologic condi- 
tions** and have shown that the resulting biologi- 
cally synthesized S-nitrosothiols are potent platelet 
inhibitors. Taken together, these observations point 
to the commonality of mechanisms by which or- 
ganic nitrates and EDRF inhibit platelet function 
under physiologic conditions, to the central role of 
guanylate cyclase in the molecular manifestations 
of these effects, and to the importance of reduced 
thiol species in these phenomena. 


CONCLUSION 

The data summarized here clearly provide evi- 
dence for significant antiplatelet effects of organic 
nitrates and related nitrovasodilators under physi- 
ologic conditions. The mechanism of action of 
these compounds in the platelet is directly analo- 
gous to that in the smooth muscle cell and parallels 
that of EDRF in both of these cell types. The role 
of reduced thiol in the metabolism and mechanism 
of action of these agents has also been clearly 
elucidated, both intracellularly and extracellularly, 
and under nonenzymatic and enzymatic conditions 
of denitrification. The potential clinical relevance 
of these observations is supported by the extensive 
published experience in acute coronary syndromes, 
part of the benefit of the use of nitrates that may 
well involve a platelet-dependent antithrombotic 
effect. In a recent meta-analysis by Yusef and 
colleagues,’ organic nitrates used in acute myocar- 
dial infarction led to a 35% reduction in mortality 
(provided studies with excessive reductions in blood 
pressure were excluded). This remarkable out- 
come is certainly compatible with other trials 
involving the use of antiplatelet agents alone, and, 
at the very least, supports the need for randomized, 
controlled trials in the future to sort out directly 
the comparative benefits of the antiplatelet and 
vasodilatory actions of these agents in patients with 
ischemic heart disease. 
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Nitrates in Different Vascular Beds, Nitrate 
Tolerance, and Interactions with Endothelial 
Function 


Eberhard Bassenge, mp, and Johannes Zanzinger 


The favorable anti-ischemic effect of nitrates is 
based on the unique distribution pattern of vas- 
cular relaxation that they evoke in different vas- 
cular sections. Nitrovasodilators reduce cardiac 
preload and wall tension, and thus myocardial 
oxygen consumption. They increase precollateral 
coronary perfusion pressure, thereby augment- 
ing oxygen delivery to ischemic sections, espe- 
cially to the subendocardial layers. These vasodi- 
lator actions are caused by the nitric oxide (NO)- 
induced activation of soluble guanylyl cyclase, 
which augments vascular cyclic guanosine mono- 
phosphate (cGMP) levels to suppress intracellu- 
lar Ca?+ concentrations. After some metabolic 
steps NO is finally cleaved from all nitrovasodila- 
tors and is probably identical with, or very closely 
related to, endothelium-derived relaxing factor 
(EDRF). A dinitrosyt-iron complex may serve un- 
der biologic conditions to stabilize the NO- radi- 
cal, which has an extremely short half-life. NO 
derived from nitrovasodilators is used therapeu- 
tically to substitute for a deficient endothelium- 
mediated vascular control and autacoid produc- 
tion. 

(Am J Cardiol 1992;70:23B—29B) 
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itrovasodilators reduce cardiac preload and 
Ne tension, and thus myocardial oxygen 

consumption. They increase precollateral 
coronary perfusion pressure, thereby augmenting 
oxygen delivery to ischemic sections, especially to 
the subendocardial layers, as outlined in Figure 1. 
These vasodilator actions are brought about by a 
cyclic guanosine monophosphate (cGMP)-depen- 
dent relaxation process, which affects the various 
vessel types and sections in a quite different mode 
(Figure 2). The differential vasomotor responses 
result in a unique pattern of therapeutic uses and 
relevant drug actions: dilation of the venous bed 
(eliciting preload reduction) and of the large coro- 
nary arteries (improving conductivity and blood 
supply) in the absence of substantial effects on 
peripheral and coronary resistance vessels, which 
would unfavorably reduce perfusion pressure. 


NITROVASODILATORS IN DIFFERENT 
VASCULAR BEDS 

The effects of nitrate-induced vasodilation can 
be judged by analyzing the specific positions of the 
dose-response curves obtained in the various ves- 
sel types. For instance, veins and coronary arteries, 
which are relevant for nitrate anti-ischemic ac- 
tions, are more sensitive to nitrates compared with 
the response curve of peripheral resistance vessels 
(Figure 3). The experimentally obtained dose- 
response relation for venous and large coronary 
artery dilation show near-maximal effects at concen- 
trations that do not overlap with the effects of 
arteriolar dilation in peripheral or myocardial 
resistance vessels (potentially resulting in an un- 
wanted decrease in perfusion pressure). The rea- 
son for this differential sensitivity may be a reduced 
conversion rate of nitrovasodilators to the active, 
nitric oxide (NO)-containing compound in the 
smaller resistance vessels.! 

We analyzed the anti-ischemic actions of nitro- 
vasodilators in a specially designed conscious dog 
model with an experimental coronary stenosis 
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extravascular 
resistance 


during treadmill exercise. Dilation of epicardial 
coronary arteries and of the venous system by a 
nitrovasodilator such as isosorbide-5-mononitrate 
was achieved at rather small and already near- 
maximum response dosages (100 mg/kg intrave- 
nously), as depicted in Figure 4. At this concentra- 
tion, significant effects on peripheral resistance 
were still absent.2 In these chronically instru- 
mented dogs experimental myocardial ischemia 
was induced by inflating a pneumatic cuff around 
the coronary arteries. The dogs were exercised on a 
treadmill and myocardial ischemia was then contin- 
uously mapped using epicardial electrodes.** In 
these investigations, with the smallest concentra- 
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FIGURE 2. Different sensitivity to nitrates in various vessel 
sections. (Modified from Bassenge and Stewart.®) 





FIGURE 1. Nitrovasodilators act 
to reduce oxygen consumption 
and improve blood supply to isch- 
emic areas and improve oxygen 


tions of isosorbide-5-mononitrate (0.01-0.03 mg/ 
kg), decreases in both venous and right atrial 
pressure were observed, as well as dilation of large 
coronary arteries (Figure 4). Only at 10- to 20-fold 
higher concentrations did dilation of resistance 
vessels and consequently increases in heart rate 
become apparent. Important and interesting was 
the observation that the maximum inhibition of 
ST-segment depression as a measure of the anti- 
ischemic action occurred at the particular dose 
between the venous and coronary effects, on the 
one hand, and those on the resistance vessels 
(peripheral resistance), on the other hand. This 
anti-ischemic action covers the dose range (30—100 


response 
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ug/kg) that would be anticipated from the specific 
position of the 2 different (i.e., venous and coro- 
nary arterial) dose-response relations. 


TOLERANCE TO ORGANIC NITRATES AND 
EXOGENOUS AND ENDOGENOUS NITRIC OXIDE 
IN DIFFERENT VASCULAR SECTIONS 

Tolerance to nitrovasodilators was observed 
>100 years ago by Stewart, who noted reduced 
headache and flushing in patients on chronic ni- 
trate therapy. Although a large number of studies 
have been performed since then, a clear-cut, single 
explanation of the phenomenon remains elusive. 
Tolerance is a complex process, involving several 
mechanisms, which may have a different relevance 
under complex clinical conditions compared with 
simplified pharmacologic analyses using in vitro 
test systems, usually at extremely high nitrate 
concentrations (1-100 pM), which were not ob- 
served in patients and are <10 nM (for review see 
Bassenge and Stewart). 

The mechanisms of in vivo and in vitro tolerance 
comprise biologic counterregulation, diminished 
biotransformation into the active NO compound, 
and eventually a desensitization of the key enzyme, 
soluble guanylyl cyclase.™!° Under clinical condi- 
tions, an immediate neurohumoral counterregula- 
tion occurs on nitrate application, resulting in a 
“pseudotolerance” through activation of the renin- 
angiotensin—aldosterone system and by excessive 
sympathetic stimulation.’ This gradually changes 
into a true tolerance (demonstrable also in ex vivo 
vessel segments, which are not affected and stimu- 
lated by continuously circulating neurohumoral 
factors). The “true tolerance” has been explained 
by a depletion of intracellular thiols, necessary for 
the conversion of nitrates into the active NO 
compound.!!!? However, when intracellular thiols 
were analyzed in more detail, there was actually no 
thiol depletion associated with tolerance." Addi- 
tional replenishment of intracellular thiols by means 
of administration of N-acetylcysteine or methi- 
onine has not consistently been successful in revers- 
ing nitrate tolerance when compared with the 
nitrate vasodilator effect under pretolerance condi- 
tions,!4!5 although a number of positive reports 
have appeared in which the clinical conditions 
were, however, not completely controlled.!°!7 

Recently, depletion of cytochrome P450 has 
been put forward as an explanation for nitrate 
tolerance,'® but this assumption has not been 
tested under in vivo conditions. 

When extremely high nitrate concentrations are 
used for the induction of in vitro tolerance, one can 


finally find a desensitization of soluble guanylyl 
cyclase,'° leading to insufficient cGMP production, 
whereas under pretolerant control conditions there- 
is a close correlation between NO formation and 
soluble guanylyl cyclase activation.'? However, this 
particular mechanism seems to be very unlikely 
under clinical conditions and even under in vitro 
conditions.” 

When guanylyl cyclase activity in homogenized 
vascular smooth muscle (broken cells) is analyzed 
both in the tolerant and nontolerant state after 
stimulation with nitroglycerin, a substantial desen- 
sitization occurs. This desensitization is also ob- 
served—however, much less pronounced—with di- 
rectly NO-releasing compounds such as sodium 
nitroprusside and SIN-1 (the active metabolite of 
molsidomine). 7 
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When the simultaneous cGMP levels in vascular 
smooth muscle were analyzed, there was a substan- 
tial reduction in cGMP levels following stimulation 
with nitroglycerin in the tolerant vascular smooth 
muscle, which was much less pronounced following 
stimulation with the directly NO-releasing com- 
pound SIN-1. However, when the simultaneous 
mechanical responses were analyzed, it became 
obvious that only responses to nitroglycerin were 
suppressed, whereas responses to sodium nitroprus- 
side, SIN-1, and to the physiologic dilator endothe- 
lial-derived relaxing factor (EDRF, considered 
likely to be NO) were not desensitized. Therefore, 
the observed reduced soluble guanylyl cyclase activ- 
ity in homogenized vascular smooth muscle does 
not seem to reflect the mechanical responses prop- 
erly, or the soluble guanylyl cyclase desensitization 
of homogenized vascular smooth muscle under in 
vitro conditions does not reflect the concomitant 
soluble guanylyl cyclase and cGMP responses un- 
der (intact cell) in vivo conditions. 

In conclusion, a desensitization of soluble guany- 
lyl cyclase during very high nitroglycerin concentra- 
tions and under in vitro conditions can be demon- 
strated, but a relevant significance of this effect 
under clinical conditions is unlikely and has not 
been conclusively demonstrated. 


SIMULTANEOUS ABSENCE AND PRESENCE OF 
TOLERANCE IN DIFFERENT VASCULAR BEDS 
Pharmacologic tolerance under clinical condi- 
tions is even more complex and does not affect 
different vessel sections in a uniform manner. In 
conscious dogs nitroglycerin was infused for a 
period of 5 days in clinically relevant concentra- 
tions.” The nitroglycerin-induced dilator effect on 
coronary diameters disappeared after 2 days. This 
represents complete tolerance to the continuous 
infusion of nitroglycerin. Such a loss of dilator 
capacity is documented by a significant shift in the 
tolerant state by a factor of 17 of the dose- 
response curve to increasing dosages of nitroglyc- 
erin. Dose-response curves to the spontaneously 
NO-releasing dilator SIN-1 were not shifted to 
higher dosages under this condition, showing no 
cross-tolerance. There was a similar shift of the 
dose-response curves to nitroglycerin (but not to 
SIN-1) in the venous system by a factor of 15 (to 
the right) to higher concentrations. When dilator 
responses in the large arteries and in the venous 
system were repeated under autonomic blockade 
to suppress counterregulation and to unmask 
pseudotolerance, there was no significant change 


demonstrated (true tolerance), in contrast to the 
dilator responses in the peripheral resistance ves- 
sel section, which were not shifted to the right with 
increasing dosages, and thus did not show true 
tolerance. 

Thus, the peripheral resistance vessels are not 
affected by a limited biotransformation to NO 
(true biochemical tolerance), although we ob- 
served pseudotolerance due to increased neurohu- 
moral counterregulatory mechanisms, inducing va- 
soconstriction, retention of salt, and volume 
expansion unmasked by autonomic blockade.’ 

Neurohormonal activation: Following the ad- 
ministration of nitrovasodilators, there is an imme- 
diate increase in the renin—angiotensin—aldoste- 
rone system and in sympathetic activity, as well as 
norepinephrine release rates measured with radio- 
actively labeled [*H]norepinephrine in nitroglyc- 
erin infusion experiments.’ Similar changes have 
been observed under clinical conditions when con- 
tinuous transdermal nitroglycerin therapy was 
administered for several days.8?! Increases in renin- 
angiotensin—aldosterone system activity are re- 
flected in significant salt and volume retention. 
This may result in an increase in body weight and a 
substantial decrease in hematocrit due to the 
volume-induced hemodilution.®! 

Cross-tolerance with endothelium-derived re- 
laxing factor: An interesting question, as to 
whether the effects of physiologically released 
endogenous nitrovasodilators, namely EDRF/NO, 
are also depressed in such a state of true tolerance, 
was analyzed in an experimental series depicted in 
Figure 5. Intracoronary injection of acetylcholine 
at constant flow conditions was used to elicit 
endothelium-dependent coronary dilator responses. 
In the pretolerance control state, the dilator re- 
sponse was 3.2 + 1.0%, and on the Sth day of 
tolerance the dilation was 3.4 + 1.1%, which was 
statistically not different from that of the control 
animals. Thus, the responses to endogenously 
formed NO remain unaffected in a state of well- 
documented tolerance to nitroglycerin in large 
epicardial arteries. Similarly, there is no perturba- 
tion of endogenous EDRF/NO released by sud- 
denly augmented shear forces (viscous drag im- 
posed on the endothelial cell lining during flow- 
induced dilator responses). When coronary flow 
rates were experimentally increased by 100%, there 
was a 5.6 + 1.1% dilator response under pretoler- 
ant control conditions, which was not different 
from the 5.4 + 1.3% during tolerance. Thus, the 
effects of endogenously released EDRF/NO were 
not affected by the development of true tolerance. 
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Conclusion: Possible sites for true biochemical 
tolerance are depicted in Figure 6. There is a 
potential lack of intracellular biotransformation 
from nitrodilators (R-ONO,) to form the active 
NO- radical, which stimulates the enzyme soluble 
guanylyl cyclase to increase cGMP levels, resulting 
in vasodilation. Whether this is due to a lack or 
depletion of intracellular thiols (R-SH) is un- 
likely,'3-'52 but still a matter of dispute (see Fung 
et al in this symposium). A more likely explanation 
may be the presence of a reduced activity of 
cytochrome P450,!8 which is involved in the various 
oxidation steps preceding the release of the NO- 
radical, but this has not been adequately tested yet. 


INTERACTIONS OF NITROVASODILATORS WITH 
ENDOGENOUS EDRF/NO 

Acute and chronic continuous increases in blood 
flow (eliciting shear stress imposed on the endo- 
thelial lining) are associated with augmented 
EDRF/NO production (the endogenous nitrate), 
resulting in an NO-induced flow-dependent dila- 
tion??4 and stimulation of vascular growth pro- 
cesses?” (see Harrison in this symposium). A desen- 
sitization to NO both under the condition of 
enhanced endothelial-mediated NO release and 
under the condition of nitroglycerin-induced toler- 
ance in vivo (affecting NO metabolism in the 
vasculature) has not been observed, as endothelium- 
dependent, EDRF/NO-mediated, and flow-depen- 
dent dilator processes were not affected by desensi- 
tization.’ This leads to the conclusion that the 
metabolic step leading to nitrate tolerance pre- 
cedes the final NO formation in vivo. Yet, in 
isolated perfused hearts made tolerant in vitro by 
high concentrations of nitroglycerin, a significantly 


Exogen. ran 


FIGURE 6. Potential intracellular 


Metyrapone 


O2, CO ) 
Miconazole 


R-ONOz Mae 
| JA NO2- 
R-ONO2 
a 


Tolerance-Development 





ACh 0.2 to 0.3 pg/kg i.cor. 
with CFm constant 
(by distal stenosis) 


3.2 t 1.0 % AOQ.D. 
AA A Q.D. 





coronary ACh administration. (Modified from Stewart et 
al.7) 


reduced NO release has been observed, suggesting 
that impaired nitrate metabolism within the vascu- 
lature may indeed be a potential explanation for 
tolerance and underlining that this phenomenon is 
multifactorial. The significance of each single toler- 
ance-inducing factor may change with the experi- 
mental or clinical conditions applied. 

In addition to the tolerant state associated with 
impaired NO production in the vasculature when 
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exogenous nitrates are used, there exist conditions 


of impaired endothelial EDRF/NO production, 
such as experimentally induced suppression of 
EDRF release (using stereospecific inhibitors).?°** 
These states are associated with a reduced capacity 
to dilate, and thus with a limitation of organ 
perfusion, and have been demonstrated both in 
chronic heart failure and in hypercholesterol- 
emia.” In addition to a “compensatory” substitu- 
tion by exogenous NO-releasing nitrates, these 
limitations can be experimentally compensated for 
by administration of excessive L-arginine, the pre- 
cursor compound for biologic NO formation.” 
Whether excessive L-arginine can improve NO 
formation in blood vessels has not yet been suffi- 
ciently tested. However, there is an inducible NO 
synthase in the vasculature,*! which can be stimu- 
lated (e.g., by interleukins) and which seems to be 
responsible for the excessive vasodilation in endo- 
toxic circulatory shock, a mechanism that reflects 
just the opposite of impaired NO production ob- 
served in nitrate tolerance. 


CIRCUMVENTION OF TOLERANCE 

Several clinical reports have been published 
analyzing different approaches designed to avoid 
nitrate tolerance in patients.*!** These strategies 


are usually based on the provision of a nitrate-free_ 


interval’? (see Parker and Parker in this sympo- 
sium). Tolerance to nitroglycerin and isosorbide 
dinitrate can also be compensated for by the 
administration of a different nitrovasodilator, such 
as SIN-1, which spontaneously releases NO and 
does not show significant cross-tolerance with the 
classic nitrates. When applied at high concentra- 
tions for several days, even SIN-1 induces some 
tolerance (associated with a cross-tolerance to 
nitroglycerin). Another interesting nitrovasodila- 
tor compound, nicorandil, which in addition to a 
nitro group contains a nicotinamid group (and has 
thus a dual mode of action, including increases in 
K+ conductance and hyperpolarization; for review 
see Taira*), does not show any signs of tolerance 
when infused intravenously for longer periods of 
time (5 days).°> | 
In conclusion, it can be stated that the mecha- 
nism of tolerance to nitrovasodilators observed 
under clinical conditions is complex and not com- 
pletely identified yet. Several components are in- 
volved in this phenomenon, which overlap, varying 
their therapeutic significance with the pharmacody- 
namic profile of drug action and concentration. 
These components are differently expressed in the 
various vascular sections (e.g., coronary arteries, 


veins, arterioles). They comprise biologic counter- 
regulation (resulting in pseudotolerance) marked 
by increased neurohormonal activation, fluid reten- 
tion, and increased blood volume. With increasing 
concentrations of nitrovasodilators, a limited bio- 
transformation to the active NO- radical becomes 
apparent (which may also be explained by a.change 
in cytochrome P450 activity). Only under very high 
nitrovasodilator concentrations (probably mainly 
under experimental in vitro conditions) does a 
desensitization of the enzyme soluble guanylyl 
cyclase (the enzyme that initiates the cGMP- 
dependent vasorelaxation) become apparent. 
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Mechanisms of Action of the Organic Nitrates in 


the Treatment of Myocardial Ischemia 


Jonathan Abrams, MD 


Nitroglycerin and the long-acting nitrates are 


widely used in all of the anginal syndromes and 
have proven effectiveness in relieving or prevent- 
ing myocardial ischemia. Recent developments 
into nitrate mechanisms of action provide new 
insights as to the many anti-ischemic effects of 
these agents. Important concepts relating to cor- 
onary arterial endothelial function are germane 
to nitrate therapy. Endothelial-derived relaxing 
factor (EDRF) is presently believed to be nitric 
oxide (NO), which exerts vasodilatory and/or anti- 
platelet actions by increasing intracellular cyclic 
guanosine monophosphate as a result of activa- 
tion of the enzyme guanylate cyclase. In the set- 
ting of coronary atherosclerosis, or even hyper- 
lipidemia without histologic vascular disease, 
endothelial dysfunction may be present, promot- 
ing a vasoconstrictor/proplatelet aggregatory 
milieu. Nitroglycerin and the organic nitrates are 
NO donors; NO is the final product of nitrate me- 
tabolism, and in the vascular smooth muscle NO 
induces relaxation, resulting in vasodilation of 
arteries and veins. In the presence of inadequate 
EDRF production and/or release, it appears that 
nitroglycerin may partially replenish EDRF-like 
activity. Nitrates have long been known to have 
major peripheral circulatory actions resulting in a 
marked decrease in cardiac work. Venodilation 
and arterial relaxation result in a decrease in int- 
racardiac chamber size and pressures, with a re- 
sultant decrease in myocardial oxygen consump- 
tion. In addition, a variety of direct coronary 
circulatory actions of the nitrates have been doc- 
umented. These include not only epicardial coro- 
nary artery dilation, but the prevention of coro- 
nary vasoconstriction, enhanced collateral flow, 
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and coronary stenosis enlargement. Recent work 
suggests that the nitrates may also act by pre- 
venting distal coronary artery or collateral vaso- 
constriction, which can reduce blood flow down- 
stream from a total coronary obstruction. Thus, 
there are many anti-ischemic mechanisms of ac- 
tion by which nitroglycerin and the organic ni- 
trates may be beneficial in both acute and 
chronic ischemic heart disease syndromes. The 
unique salutory effects of the nitrates in subjects 
with left ventricular dysfunction or congestive 
heart failure make these drugs particularly at- 
tractive for patients with abnormal systolic func- 
tion and intermittent myocardial ischemia. Fi- 
nally, the emergent role of intravenous 
nitroglycerin in acute myocardial infarction offers 
new prospects that nitrate therapy may prove to 
be beneficial in acute myocardial infarction as 
well as postmyocardial infarction for the reduc- 
tion of left ventricular remodeling. 

(Am J Cardiol 1992;70:30B—42B) 


ew observations regarding the mechanisms 
Ne action of nitroglycerin (NTG) and the 

organic nitrates in preventing or reversing 
myocardial ischemia continue to appear. Recent 
developments provide additional insights as to how 
the nitrates exert their potent anti-ischemic effects. 
Since myocardial ischemia in patients with coro- 
nary atherosclerosis may be precipitated by a 
variety of pathophysiologic mechanisms, it is not 
surprising that effective drugs for therapy of isch- 
emia, such as the nitrates, provide a spectrum of 
potential actions whereby the imbalance between 
myocardial nutrient oxygen supply and demand 
may be restored. This article will review the various 
hypotheses as to how nitrates improve myocardial 
ischemia and will emphasize newer concepts. De- 
spite the fact that the organic nitrates have been 
used for patients with ischemic heart disease for 
> 100 years, we are still continuing to learn more 
about these interesting and beneficial agents. 
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USEFULNESS OF NITRATES AS ANTI-ISCHEMIC 
THERAPY IN CLINICAL MEDICINE 

This subject is also discussed in “Role of Ni- 
trates in Angina Pectoris” by Thadani in this 
symposium. 

Acute ischemic episodes: The most effective 
drug in our armamentarium for prompt relief of 
acute myocardial ischemia is sublingual NTG. 
Although other immediate-action NTG formula- 
tions are available, e.g., oral spray and buccal 
NTG, sublingual NTG remains the “gold standard” 
throughout the world. Rapid antianginal activity is 
also demonstrable with chewable or sublingual 
isosorbide dinitrate or oral spray, although there is 
some delay in onset of action with this compound 
compared with NTG. On the other hand, because 
of the longer elimination half-life of isosorbide 
dinitrate, the duration of effect lasts longer than 
with sublingual or oral spray NTG. 

PREVENTION OF ANGINA IN PATIENTS WITH 
CHRONIC CORONARY ARTERY DISEASE: Although 
many individuals with mild angina can be managed 
solely with sublingual NTG as needed, physicians 
usually prescribe a prophylactic antianginal agent 
even to patients with infrequent anginal attacks. Of 
the three major groups of drugs used to prevent 
angina pectoris (the organic nitrates, B-adrenergic 
blockers, calcium channel antagonists), there are 
no convincing data that support superior efficacy of 
any one of these classes of drugs over another for 
the prevention of angina and myocardial ischemia. 
Literally hundreds of reports in the literature have 
compared one antianginal agent with another, 
either within the same class or between classes; the 
aggregate results of such clinical investigations 
indicate that all 3 major groups of drugs are 
unequivocally useful and equivalent in preventing 
episodes of myocardial ischemia in patients with 
chronic stable angina. Thus, in studies using bicycle 
or treadmill exercise testing, ambulatory record- 
ings for silent myocardial ischemia, or asking pa- 
tients to report angina attack rates and NTG tablet 
consumption, all 3 classes of antianginal drugs are 
equally effective when compared with each other in 
well-designed randomized, placebo-controlled, dou- 
ble-blind trials. It is not the purpose of this commen- 
tary to review this literature. The choice of an 
antianginal drug is based on many factors. Table I 
indicates some parameters that are typically taken 
into account by physicians when choosing a drug to 
treat stable anginal syndromes.! 

For first-line or initial angina therapy, any one 
of the 3 groups of agents is appropriate for most 


TABLE I Factors Influencing Physician Choice of Antianginal 
Drug Therapy 


e Nature of anginal syndrome 
Stable effort angina, mixed angina, atypical angina, etc. 


e Coexisting medical conditions that should influence drug selection 
Hypertension, diabetes, chronic obstructive pulmonary disease, left 
ventricular dysfunction, arrhythmias, prior myocardial infarction, etc. 


e Mechanisms of action of drug classes 
e Physician bias 

e Cost 

e Side effect or adverse reaction profile 
e Drug tolerance 


e Formulation availability 
Sustained action compounds 
Full dosing option 
e Cardioprotection 
Postmyocardial infarction 
Congestive heart failure, left ventricular dysfunction 





TABLE II Beneficial Effects of Nitrates in Angina Pectoris: 
Potential Mechanisms of Action. |. New Concepts 


Endothelial function 
Nitrates converted to nitric oxide 
within vascular smooth muscle 


Vasodilation and antiplatelet action 
in absence of normal endothelial 
cell function 





Antiplatelet actions* 
Decreased platelet aggregation 
and adhesion 


Potential antithrombotic benefit in 
unstable angina and possibly use- 
ful for circadian increase in plate- 
let activation in stable angina 
platelet and during ischemia 


*Controversial. 


patients. Many if not most subjects with docu- 
mented coronary atherosclerosis and angina pecto- 
ris are treated with more than one anti-ischemic 
agent. Thus, combination therapy with a nitrate 
and a B-adrenergic blocker or calcium antagonist, 
or combined ß blocker and calcium antagonist use, 
is common. Certain drug combinations are more 
(or less) appropriate. Of particular note is the 
combination of a nitrate with a B blocker, a 
well-tolerated regimen in which some of the ad- 
verse effects of each drug are neutralized by the 
presence of the other.' Nitrates may be used with a 
calcium antagonist, but excessive hypotension and 
reflex tachycardia can be a problem, particularly 
when combining a nitrate with one of the dihydro- 
pyridine calcium antagonists. 


NEWER CONCEPTS OF NITRATE ACTION 

Several recent advances in our understanding of 
nitrate action are the focus of attention (Table II) 
and are the subject of a number of manuscripts in 
this symposium issue. The following section pro- 
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vides a brief overview of these important concepts 
as they relate to ischemia relief. 

Antiplatelet activity: The platelet antiaggrega- 
tory and antiadhesion actions of the organic ni- 
trates have been the subject of considerable debate 
for more than a decade. At the present time, there 
is reasonable evidence available to indicate that 
nitrates may have clinically important antiplatelet 
and antithrombotic activity.” Although this hy- 
pothesis remains to be tested in large-scale clinical 
trials, much published work supports the hypothe- 
sis that platelet activation may be suppressed by 
organic nitrates at conventional doses?” (see Los- 
calzo in this symposium). Recent studies from 
Montreal,» Italy,* Boston,’ and Rochester, Minne- 
sota,° are consistent with an antiplatelet/antithrom- 
botic role for the nitrates. Although most of these 
investigations have reported animal studies or 
small trials in humans, the evolving literature 
appears promising. Nevertheless, a variety of nega- 
tive studies exist®-!° and this topic remains contro- 
versial. 

Why should it make a difference whether ni- 
trates have antiplatelet activity? Markedly en- 
hanced platelet activity has clearly been demon- 
strated in selected patients with coronary 
atherosclerosis. This is particularly true in the 
acute ischemic syndromes of unstable angina pecto- 
ris and acute myocardial infarction.'':!? Therefore, 
antiplatelet effects of nitrates could be of great 
importance when these drugs are used in patients 
who have acute myocardial ischemia associated 
with enhanced platelet activation and the common 
sequelae of localized vasoconstriction and in situ 
thrombosis. It is possible that the benefits demon- 
strated for intravenous NTG in acute myocardial 
infarction (see articles by Flaherty and by Jugdutt 
in this symposium) may be related in part to nitrate 
antithrombotic effects when NTG is administered 
in sufficient amounfto induce a platelet antiaggre- 
gatory effect. This concept remains speculative at 
present. Similarly, the common clinical response of 
quenching of unstable angina with intravenous 
NTG (see Horowitz in this symposium) may be 
partially attributed to the antiplatelet actions of 
this drug. Two large-scale trials that began in 1991 
(the fourth Gruppo Italiano per lo Studio della 
Sopravvivenza nell’Infarto Miocardico [GISSI-4] 
and the third International Study of Infarct Sur- 
vival [ISSIS-3]) are testing the hypothesis that early 
nitrate administration in acute myocardial infarc- 
tion is beneficial (also comparing nitrates with 
angiotensin-converting enzyme inhibitors). Al- 
though these studies are not designed to assess a 


specific antiplatelet role for these drugs, positive 
results would stimulate investigators to pursue 
research in this area. 

CHRONIC STABLE ANGINA PECTORIS: There is no 
evidence to suggest that antiplatelet action of 
nitrates would benefit patients with stable angina. 
However, it has been shown that platelet activation 
is more pronounced in the early morning hours in 
humans, and this phenomenon could be related 
to the increased circadian incidence of ambulatory 
ischemic events (silent myocardial ischemia) dur- 
ing this time period.'+> It is well-known that 
patients with angina pectoris have a lower thresh- 
old for development of angina and myocardial 
ischemia*in the morning hours; recent evidence 
suggests that systemic arterial vasoconstriction!® 
and possibly coronary vasoconstrictor tone!’ is 
highest in the morning. If this circadian increase in 
vasoconstrictor forces is in any way related to 
enhanced morning platelet activity, a potentially 
important mechanism for nitrate action would be 
established. Finally, some work has suggested plate- 
let activation during anginal attacks. 

Endothelial dysfunction: It is now well estab- 
lished that many patients with coronary atheroscle- 
rosis manifest disordered endothelial function of 
the coronary arterial bed (see Harrison et al in this 
symposium).'*?9 Numerous studies in vitro and in 
vivo attest to paradoxic vasoconstrictor responses 
to a variety of endothelial-dependent stimuli (ace- 
tylcholine, serotonin, thrombin) in the presence of 
endothelial dysfunction; at the very least, coronary 
artery segments in patients with even mild athero- 
sclerosis may fail to dilate normally, increasing the 
shear stress on these vessels.*! Animals with in- 
duced hypercholesterolemia and humans with high 
cholesterol levels with no demonstrable atheroscle- 
rosis have been shown to have impaired endothe- 
lial function.**” It is known that the endothelium 
provides a basal release of endothelial-derived 
relaxing factor (EDRF), an important local modu- 
lator of vascular tone. Impaired EDRF release has 
been documented in the presence of coronary 
atherosclerosis.“ Importantly, abnormal vasomo- 
tor responses are seen not only at sites of severe 
atherosclerosis, but also in arterial segments where 
there is less severe or minimal disease, as detected 
by angiography (see Harrison et al in this sympo- 
sium).!5-29 

The recognition that organic nitrates are con- 
verted to nitric oxide (NO), which is believed to be 
the actual EDRF (or a closely related species), 
raises the fascinating possibility that these com- 
pounds may act as an “exogenous EDRF” in 
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patients with coronary atherosclerosis. Such a hy- 


pothesis has been widely accepted.” It is, thus, . 


likely that NTG or other organic nitrates literally 
replenish EDRF-like activity and/or induce physi- 
ologic coronary artery vasodilator responses by 
supplying NO to the vascular smooth muscle cell. 
There are emerging data indicating that nitrates 
actually are more potent vasodilator agents in the 
absence of normal endothelial function than when 
the endothelium is intact and fully active (Figure 
1).2728 This suggests that administration of nitrates 
to humans may be less effective when there is 
preserved endothelial function, at least with re- 
spect to decreased coronary artery vasodilator 
responses, due to basal EDRF activity and compe- 
tition with exogenous NO donors. Conversely, in 
the setting of coronary atherosclerosis, it appears 
that the response to nitrates is greater than would 
be the case if endothelial function were totally 
normal (Figure 1). Many studies indicate that 
responsiveness to NTG in patients with coronary 
atherosclerosis and presumed endothelial dysfunc- 
tion is well-preserved.'*° Thus, the concept that 
organic nitrates act as EDRF-like drugs is particu- 
larly attractive when one considers the conse- 
quences of disordered endothelial dysfunction in 
patients with ischemic heart disease. 

Such a hypothesis, if valid, supports a role for 
nitrates in acute and chronic syndromes of myocar- 
dial ischemia. Endothelial dysfunction has been 
demonstrated following coronary reperfusion?” as 
well as in chronic stable angina.'** 

PLATELET EFFECTS: One of the important roles 
of the normal endothelium is the production of 
both prostacyclin and EDRF, which act synergisti- 
cally to decrease platelet aggregation and adhe- 
sion.” It is unclear if organic nitrates have en- 
hanced antiplatelet actions in the presence of 
endothelial dysfunction. Nevertheless, it is intrigu- 
ing to consider a theoretical role for the organic 
nitrates as a substitute for diminished endogenous 
endothelium-modulated antiplatelet activity. Fu- 
ture studies will be necessary to determine whether 
the antiplatelet actions of nitrates (see before) are 
related both to direct NO production within the 
platelet as well as endothelial-dependent mecha- 
nisms. 


REMODELING AFTER MYOCARDIAL INFARCTION 
- An important body of work has emerged over 
the past decade regarding the identification of 
adverse changes in shape and volume of the left 
ventricle following transmural myocardial infarc- 
tion. This phenomenon is known as left ventricular 
remodeling (see Jugdutt in this symposium), per- 


haps best described as wall thinning and cavity 
expansion within and outside of the infarct zone, 
with resultant increases in diastolic and systolic 
volumes of the heart, as well as regional shape 
changes toward a more spherical chamber. Such 
alterations have been documented to occur in 





FIGURE 1. Effects of bradykinin 
vasodilator) and nitroglycerin (NTG) in normal and 
Bradykinin 


(BK, an endothelium-de- 


pendent 
diseased coronary artery segments. was in- 
fused directly into the coronary artery in patients under- 
going coronary catheterization. coronary an- 
giography was carried out, followed by administration of 
intracoronary nitroglycerin. A, When all vessel segments 
were analyzed, bradykinin had a minimal effect on coro- 
nary arterial diameter, whereas nitroglycerin dilated most 
segments. However, when segments were analyzed as to 
whether there was an initial vasodilator response to bra- 
dykinin, important differences in the response to nitro- 
were noted. B, Vessel segments that dilated fol- 
lowing bradykinin infusion were (lower) relatively 
. Conversely, those 


segments 
(endothelial dysfunction) had a marked vasodilator re- 


sponse to nitroglycerin (upper). (Reprinted with permis- 
sion from Z Kardiol.*) 
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TABLE Ill Beneficial Effects of Nitrates in Angina Pectoris: 
Potential Mechanisms of Action. Il. Peripheral Circulation Effects 


Peripheral or systemic actions 
Venous dilation Smaller right and left cardiac volumes 


Lower right and left heart filling pressures 
Decreased afterload 

Reduced arterial reflectance wave 
Decreased systolic blood pressure 


Arterial dilation 


Arteriolar dilation 
(high doses) 


Decreased systemic vascular resistance 
Decreased afterload 


animals?! and in humans??? following a large 
transmural myocardial infarction, particularly those 
with an anterior or anteroapical location. Late 
postmyocardial infarction ventricular dilation is 
likely to be an adverse consequence of a previous 
Q-wave infarction; it is known that end-systolic 
volume is an independent predictor of late mortal- 
ity following myocardial infarction, and many 
presume that progressive left ventricular dilation 
will be accompanied by increased late morbidity 
and mortality. The subsequent development of 
congestive heart failure, left ventricular aneurysm, 
and cardiac death is more prevalent in subjects with 
large as opposed to small left ventricular chambers. 
Nitrates and angiotensin-converting enzyme inhib- 
itors have been shown to be beneficial in suppress- 
ing these deleterious left ventricular remodeling 
responses following infarction in animals and in 
humans.” The precise timing of administration 
of these agents to achieve optimal results is un- 
clear, but it is likely that the earlier, the better. 
Several studies in patients with acute myocardial 
infarction given intravenous NTG, including the 
important work of Jugdutt and Warnica*® in 304 
patients with acute myocardial infarction, indicate 
that the earliest possible administration of NTG is 
appropriate.*"4! It also appears likely that contin- 
ued administration postmyocardial infarction ni- 
trate will be additive with respect to the benefits of 
remodeling.” Angiotensin-converting enzyme in- 
hibitors and nitrates in acute infarction are being 
evaluated in the GISSI-4 and ISIS-3 trials. Al- 
though the ultimate role of nitrates for routine 
therapy in acute infarction remains to be deter- 
mined, it would appear that a patient with angina 
pectoris or documented myocardial ischemia in the 
postinfarction period should preferentially be given 
a nitrate in light of these important new data. 


MECHANISMS OF ISCHEMIA RELIEF 

Peripheral or indirect effects of nitrates re- 
sulting in decreased myocardial work: The ma- 
jor action of nitrates is vascular smooth muscle 





relaxation, most pronounced in the venous circula- 
tion, but detectable in virtually all vascular beds of 
the body (Table III). Although nitrates may also 
exert clinically important antiplatelet effects (see 
before and Loscalzo in this symposium), it remains 
unclear as to whether such actions are important in 
the treatment of cardiovascular conditions. In the 
earlier part of this century, it was widely believed 
that the dilator action of NTG in the coronary 
arterial circulation represented the dominant mech- 
anism of relief of angina, with increased coronary 
blood flow correcting the imbalance between myo- 
cardial oxygen need and supply. This hypothesis 
was discarded when it was observed that other 
intracoronary vasodilators did not predictably re- 
lieve myocardial ischemia; nitrates appeared to be 
beneficial only when evidence for peripheral vaso- 
dilation was present.427 

Thus, the concept evolved that the major anti- 
ischemic benefits of the organic nitrates result from 
peripheral vasodilatory actions in veins and arter- 
ies, with a decreased emphasis on the importance 
of nitrate effects on the coronary circulation. The 
organic nitrates induce a decrease in myocardial 
oxygen consumption through a variety of mecha- 
nisms. Nitrates lower preload and afterload in the 
left and right ventricles. Left ventricular and pulmo- 
nary artery systolic pressures predictably fall follow- 
ing administration of a nitrate. Left and right 
ventricular filling pressures also decrease.“ The 
major cause of the latter hemodynamic effects is 
systemic venodilation with sequestration of the 
circulating blood volume into the venous capaci- 
tance bed, particularly in the limbs, splanchnic, 
and mesenteric circulations.” There is a dimin- 
ished return of blood to the right heart and 
pulmonary circulation.* In addition to the de- 
creased intracardiac pressures, there is a diminu- 
tion in cardiac chamber size, with smaller left and 
right ventricular volumes in systole and in diastole 
(Figures 2, 3). Ejection fraction usually increases 
modestly***” (Figure 3), but resting cardiac output 
decreases, primarily due to the decrease in cardiac 
preload. The decline in systemic arterial pressure 
as well as cardiac output may induce sympathetic 
nervous system activation, with reflex vasoconstric- 
tion and increased heart rate. There is often a 
biphasic response of the systemic and regional 
circulations following the administration of sublin- 
gual NTG, with initial vasodilation followed by 
vasoconstriction.“ 4” Table III lists the alterations 
in cardiovascular hemodynamics resulting from the 
peripheral vasodilating actions of the nitrates. 
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END - DIASTOLIC VOLUME 


FIGURE 2. Reduction in left ven- 
tricular end-diastolic volume fol- 
lowing administration of sublin- 


gual nitroglycerin or 2% 
nitroglycerin ointment. The data 


tricular diameter obtained by 
M-mode echocardiography in 9 
normal . Similar reduc- 
tions in left ventricular end-sys- 
tolic diameter and volume were 
observed. Reprinted with permis- 
sion from J. Abrams, Pharmacol- 
ogy of nitroglycerin and long-act- 
ing nitrates and their usefulness 
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The classic concept of nitrate efficacy is that 
myocardial ischemia is prevented or reversed by 
the actions of NTG (and other organic nitrates) 
primarily through a decrease on the demand side 
of the myocardial oxygen supply:demand equation. 
Thus, myocardial oxygen consumption is substan- 
tially lowered, as cardiac preload, afterload, and 
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intracavitary dimensions decline below baseline at 
rest and during exercise following nitrate adminis- 
trationt8 (Figures 2, 3), resulting in decreased 
systolic and diastolic left ventricular wall tension.” 
Right heart responses to nitrates parallel those of 
the left ventricle. Global coronary blood flow 
initially increases but may decrease below baseline 
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FIGURE 3. Effects of nitroglycerin (NTG) on hemodynamic determinants of myocardial consumption and supply. In this 
study, 14 patients with stable angina and a positive stress test exercised on a bicycle ergometer to the onset of chest 


pain at baseline and after NTG. After the control test and an appropriate rest, the subjects were given 


intravenous NTG 


at a dose that lowered mean arterial pressure by approximately 20 mm Hg. The mean infusion rate was 1.28 pg/kg/ 
minute and was maintained throughout exercise. A pulmonary artery catheter and arterial line were used to measure 
cardiovascular hemodynamics. In addition, radionuclide ventriculography was performed at baseline and during exer- 
cise with NTG. NTG infusion resulted in a decrease in indices of myocardial oxygen consumption, including lower mean 
arterial pressure and intracardiac dimensions. In addition, there was an improvement in ejection fraction, lower pulmo- 
nary wedge pressure, and suggestive improvement in left ventricular compliance, with a flatter LV pressure—volume 
curve during exercise following NTG (data not shown). End-diastolic and end-systolic volumes (EDVI, ESVI) decreased 
during exercise, particularly versus the equivalent level of the control test. These data are consistent with an improve- 
ment in myocardial oxygen supply as well as a decrease in determinants of myocardial consumption following 


erin. All patients exercised further on nitroglycerin, with a 


higher rate—pressure improvement 
segment depression. (Adapted with permission from J Cardiovasc Pharmacol; figures provided by S.B. Freedman.) 
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following nitrate administration as myocardial oxy- 
gen consumption decreases.* Intrinsic coronary 
artery vasomotor regulation results in a concor- 
dance of coronary blood flow with myocardial 
energy needs. 

In the presence of myocardial ischemia, sublin- 
gual or intravenous NTG improves regional or 
ischemic zone nutrient blood flow,*°? although 
total blood flow may not increase or may even 
decline after an initial increase following NTG. 
The recognition that NTG improves myocardial 
ischemia in areas of inadequate coronary blood 
flow is an important observation that has been 
known for many years.5™5* Some investigators have 
suggested that a decrease in left ventricular dias- 
tolic compressive forces as well as favorable alter- 
ations in the pressure volume relations of the left 
ventricle may contribute to the anti-ischemic ef- 
fects of these drugs**»> (Figure 3). An interesting 
clinical correlate of this view relates to the benefits 
of nitrates in the treatment of chest pain in 
hypertensive patients who have normal coronary 
arteries.°° It is presumed that a decrease in left 
ventricular diastolic pressure and wall tension 
exerts a favorable influence on the distribution of 
blood to the myocardium following nitrate adminis- 
tration. 

ARTERIAL VASODILATION: A common hypothe- 
sis has been that venous capacitance changes 
following nitrate administration importantly ac- 
count for nitrate efficacy in the treatment or 
prevention of myocardial ischemia. The actions of 
the nitrates on the arterial circulation are less well 
recognized and are often believed by clinicians to 
be absent or minimal. However, there is an ample 
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body of evidence documenting that nitrates consis- 
tently increase arterial conductance and compli- 
ance at low doses, with reproducible alterations of 
arterial pressure wave contour.°’>? In addition, 
recent observations suggest that reliance on bra- 
chial artery intravascular or cuff pressure measure- 
ments may not adequately represent the action of 
nitrates on reducing systemic arterial pressure and 
left ventricular afterload.** Because of a variable 
alteration in transmission of returning reflected 
waves in the peripheral vasculature following NTG, 
some individuals may not demonstrate a decrease 
in peak systolic pressure as measured at the bra- 
chial artery, despite substantially lowered central 
aortic pressure. Thus, brachial blood pressure 
measurements may actually underestimate the true 
arterial pressure—lowering effects of the nitrates” 
(Figure 4). In any case, nitrate-induced reductions 
in systolic pressure and increases in arterial conduc- 
tance and compliance are well known to vascular 
physiologists.°’>? It is likely that these actions are 
important in reducing left ventricular afterload, 
resulting in a further decrease in myocardial work 
and improvement in the efficiency of left ventricu- 
lar ejection. At high nitrate doses and plasma 
concentrations, there may be a decline in systemic 
vascular resistance. This is particularly important 
in patients who have congestive heart failure or 
impaired left ventricular function. It is unlikely 
that routinely administered doses of nitrates have 
important effects on vascular resistance; however, 
with larger amounts, there may be detectable 
decreases in systemic resistance that reflect arterio- 
lar or resistance vessel dilation.4*” 


FIGURE 4. Discordance between — 
central (ascending aorta) and dis- 
tal (brachial artery) arterial pres- 
sure following nitroglycerin (NTG). 
In this study, some subjects did 
not transmit the hypotensive ef- 
fect of NTG to the peripheral cir- 
culation, as evidenced by failure 
of the brachial artery pressure to 
decline after 0.3 mg of sublingual 
NTG. Note the expected fall in 
ascending aortic pressure with 
NTG, which was not seen at the 
brachial artery. The authors at- 
tribute this phenomenon to the 
inability of NTG to alter the reflec- 
tance waves from distal 
vessels in the arm; thus, there is 
no decrease in the late returning 
reflectance waves in the brachial 
artery that is clearly demonstra- 
bie in the central aorta. The fail- 
ure of brachial artery or cuff 


blood pressure measurements to detect a nitrate-induced decrease in systolic arterial pressure may result in an impor- 
afterload. 


tant misrepresentation of NTG’s actions on 
(Adapted with permission from Eur Heart J.5*) 


arterial conductance, systemic pressure, and left ventricular 
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Central or coronary effects of the nitrates 
resulting in increased coronary blood supply: 
Although it has been known for decades that NTG 
dilates the coronary arteries and transiently in- 
creases coronary blood flow, this has not generally 
been viewed as an important mechanism of isch- 
emia relief. Over the past 10-12 years, however, a 
variety of observations have been made that prompt 
a reevaluation of the traditional concept that 
nitrate efficacy is predominantly due to effects on 
the peripheral vasculature. Table IV lists a number 
of mechanisms whereby the nitrates can favorably 
affect regional or global coronary blood supply in 
the normal or diseased heart; all of these actions 
may not be present in every patient with coronary 
atherosclerosis, but the potential mechanisms for 
direct enhancement of nutrient blood flow to zones 
of myocardial ischemia are numerous. Several 
investigations have suggested that both systemic 
venous and arterial vasodilation and direct coro- 
nary artery actions are important in relieving isch- 
emia, at least in some patients with angina pecto- 
ris 43:44:48,60,61 

STENOSIS DILATION OR ENLARGEMENT: Brown et 
al,°3 as well as others, have championed the 
concept that nitrates may work by dilating coronary 
atherosclerotic stenoses at the site of the maximal 
or flow-limiting obstruction in a coronary ar- 
tery.6>63 Investigations from a number of laborato- 
ries confirm that stenosis enlargement at rest and 
during exercise can be documented following sub- 
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TABLE IV Beneficial Effects of Nitrates in Angina Pectoris: 
Potential Mechanisms of Action. Ill. Coronary Circulation Effects 


Central or coronary actions 

Coronary artery vasodilation 

Prevention or reversal of coro- 
nary artery vasoconstriction 


Increased global or regional coronary 
blood flow, especially during isch- 
emia 

Coronary stenosis dilation 

Enhanced collateral flow 


lingual NTG administration (Figure 5). Brown et 
al®.°3 have suggested that a nitrate-induced reduc- 
tion in coronary stenosis resistance may be substan- 
tial and could play an important role in modulating 
myocardial ischemia in patients with severe coro- 
nary atherosclerosis. The hypothesis has been ad- 
vanced that coronary atherosclerotic lesions that 
are angiographically eccentric or elliptical repre- 
sent vascular obstructions that are capable of 
intrinsic vasomotion.™-© If there is sufficient vascu- 
lar smooth muscle capable of contracting or relax- 
ing in a relatively intact and normal rim or arc of 
the coronary artery wall, the potential exists for a 
change in the caliber of the actual stenosis itself. 
Brown® was the first to emphasize this somewhat 
controversial concept of nitrate action a decade 
ago. Brown and other investigators have docu- 
mented that coronary stenosis diameter changes 
are measurable using meticulous quantitative angio- 


FIGURE 5. Coronary artery and 
atherosclerotic stenosis caliber 
changes with exercise in patients 
with angina. In this study, pa- 
tients with severe angina pecto- 
ris were exercised on a bicycle in 
the catheterization laboratory to 
the onset of chest pain. Coronary 


rotic narrowing in a diseased ar- 
tery. Group 1 patients were exer- 
cised to the point of angina 
pectoris and were then given sub- 
lingual nitroglycerin (NTG). Re- 
peat arteriograms were obtained 
at peak exercise and after NTG. 
Group 2 individuals were pre- 
treated with intracoronary NTG 

0 | immediately prior to exercise. 
Note that in group 1 subjects 
there was a modest but definite 


— p<0.001 — 
Le P<9.001 ——’ 


enlargement of the normal coronary artery caliber during exercise, which further increased with the administration of 
sublingual NTG. On the contrary, there was a significant reduction in the coronary stenosis diameter area during exer- 
cise as well as at peak exercise. This was reversed with the administration of sublingual NTG. In the NTG pretreated pa- 


tients (group 2), intracoronary NTG produced 


vasodilation that increased slightly during exercise. Pretreat- 


coronary 

ment with intracoronary NTG completely prevented the decrease in atherosclerotic stenosis diameter; the stenosis 
area increased during exercise. This study Is consistent with exercise-induced stenosis constriction in angina pectoris, 
which is preventable or reversable by NTG. (Adapted with permission from Circulation.™) 
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graphic techniques and that the nitrates often (but 
not always) increase coronary stenosis caliber.°?- 
A series of recent investigations from Switzer- 
land have been supportive of this concept.6467 
Gage et al“ initially observed that subjects with 
severe, stable effort angina demonstrated stenosis 
constriction or collapse during bicycle exercise to 
the endpoint of chest pain and ST-segment depres- 
sion (Figure 5). NTG administration reverses or 
prevents such stenosis collapse or constriction. It is 
not clear whether such alterations in stenosis 
caliber play a role in the majority of patients with 
effort angina, but the work of Brown, Gage et al, 
and Lichtlen et al® is provocative and suggests an 
important additional mechanism of action for the 
nitrates (and other antianginal agents) in prevent- 
ing or reversing exertion-related ischemia. 
PREVENTION OR REVERSAL OF CORONARY AR- 
TERY CONSTRICTION: It has been well accepted that 
nitrates are effective agents in dilating epicardial 
coronary arteries during coronary vasoconstriction 
or spasm; these drugs are thus capable of prevent- 
ing episodic increases in coronary vasomotor tone. 
Sublingual or intravenous NTG remains the agent 
of choice for reversing acute coronary vasoconstric- 
tion or spasm. The nitrates are actually more 
potent than the calcium antagonists in enlarging 
the epicardial conductance coronary arteries in the 
basal state. Clinical trials in Prinzmetal’s or 
vasospastic angina have suggested that the nitrates 
may be no less effective than the calcium antago- 
nists in treatment of vasospastic episodes. As- 
suming that nitrate attenuation or tolerance can be 
avoided, there is no persuasive evidence that ni- 
trates are inferior to the calcium antagonists for 
true vasospastic angina, although most clinicians 
favor the latter drugs in this syndrome. The ni- 
trates are also useful in the syndrome of “mixed” 
angina, characterized by a variable angina thresh- 
old and both exertional and rest pain, presumably 
related to phasic alterations in vasomotor tone or 
dynamic coronary obstruction throughout the day.” 
PREVENTION OF DISTAL CORONARY AND/OR COL- 
LATERAL VESSEL CONSTRICTION: A recent observa- 
tion of Pupita et al’! describes a new mechanism 
for precipitation of myocardial ischemia in patients 
with stable angina pectoris. These workers have identi- 
fied a group of subjects with single-vessel coronary 
artery disease and a total coronary obstruction who 
have episodes of angina and myocardial ischemia 
that occur at a variable and unpredictable angina 
threshold. They suggest that intermittent constric- 
tion of distal coronary arteries or collaterals supply- 
ing blood to the myocardium beyond the coronary 


arterial obstruction is a likely cause for precipita- 
tion of myocardial ischemia (Figure 6). NTG was 
demonstrated to reverse such ischemia. This obser- 
vation provides another potential role for the 
nitrates in preventing or alleviating myocardial 
ischemia. 

It is reasonable to expand the concept of collat- 
eral or distal artery vasodilation with nitrates to 
patients with multivessel disease who receive nutri- 
ent coronary blood flow distal to a severe narrow- 
ing or total obstruction at various sites in the 
coronary bed. It has been long known that nitrates 
are able to increase coronary collateral flow,” but 
the precise clinical significance of such observa- 
tions is difficult to establish. The history of a 
variable angina and ischemia threshold suggests 
that coronary vasomotor tone in vessels supplying 
blood downstream from a total obstruction changes 
throughout the day. This phenomenon is concor- 
dant with the effectiveness of nitrates in improving 
symptoms in mixed angina. Maseri” has been the 
primary proponent of the view that alterations in 
coronary vasomotor tone, probably superimposed 
on underlying coronary atherosclerosis, represents 
an important mechanism for precipitation of isch- 
emia and may explain the vagaries of day-to-day 
angina attack rates, variable angina threshold, and 
occasional episodes of rest pain in subjects with 
chronic stable angina. 

Considerable experience with ambulatory elec- 
trocardiographic recordings has also confirmed the 
variability of the double product at which episodes 
of ST depression occur; many have emphasized 
that asymptomatic ischemic episodes during such 
recordings often appear at a lower rate—pressure 
product than that produced during exercise testing 
or with significant exertion.” Alterations in coro- 
nary vasomotor tone in small or distal coronary 
vessels and collaterals may contribute to this phe- 
nomenon’!; similarly, changes in stenosis cali- 
ber®**’ may modulate the ischemic threshold. 

NITRATES AND ENDOTHELIAL DYSFUNCTION: As 
previously discussed, the recent observation that 
the organic nitrates may act as an exogenous 
endothelial relaxing factor and maintain a vasodila- 
tor potency in the absence of normal endothelial 
function, supports an important role for these 
drugs in patients with chronic ischemic heart dis- 
ease (Table II). Several recent reports suggest that 
the products of platelet activation, with release of 
substances that can induce coronary vasoconstric- 
tion (e.g., serotonin, thrombin, adenosine diphos- 
phate), may induce paradoxic coronary arterial 
responses and support the view that endothelial 
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dysfunction is a common and important mecha- 
nism contributing to myocardial ischemia. For 
instance, intracoronary serotonin may produce par- 
adoxic vasoconstrictor responses in the presence of 
coronary atherosclerosis, and such vasoconstrictor 
phenomena are reversed (and presumably pre- 
vented) by NTG.!° These observations are concor- 
dant with the work of Ludmer and coworkers!*4 
demonstrating that acetylcholine can be used to 
provoke abnormal or paradoxic coronary vasocon- 
strictor responses (with reversal by NTG). Thus, 
the hypothesis has emerged that abnormal endothe- 
lial dysfunction in patients with coronary atheroscle- 
rosis serves as a substrate for disordered coronary 
vasomotor responses. Whether this is manifested 
by coronary stenosis constriction or, less dramati- 
cally, abnormal coronary vasomotor responses to a 
variety of stimuli, the conclusion is that the coro- 
nary arteries in patients with coronary atheroscle- 
rosis are far more likely to respond adversely to a 
variety of stimuli, including physical exertion, plate- 
let activation, and release of various vasoactive 
substances and neurohormones. 

NTG has been shown to be a consistent and 
predictable drug that reverses or prevents such 
responses.'**° It is likely that the observations of 
Pupita et al’! of distal coronary arterial and collat- 
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eral constriction are also related to endothelial 
dysfunction. 

The recognition that the nitrates are essentially 
prodrugs, resulting in conversion to NO and stimu- 
lation of the cyclic guanosine monophosphate sec- 
ond messenger system, suggests that these com- 
pounds are capable of partially or completely 
overcoming disordered endothelial vasodilator ac- 
tivity in a variety of conditions. Provision of organic 
nitrates to patients with ischemic heart disease may 
thus be more important than simply preventing or 
reversing attacks of myocardial ischemia. Such a 
hypothesis suggests that organic nitrates may liter- 
ally replace EDRF in the diseased coronary bed 
when EDRF release is impaired, as is so often the 
situation in patients with coronary atherosclero- 
sis.” It should also be stressed that the degree of 
coronary artery disease does not need to be severe 
in order for disordered vasomotor responses to be 
present.!8-20.22-24 There may, thus, be a role for 
nitrates in some patients in the absence of severe 
atherosclerotic obstructions to prevent or reverse 
coronary artery vasoconstrictor activity in response 
to stimuli from a variety of sources. The antiplate- 
let actions of nitrates, if confirmed, could conceiv- 
ably play a role in chronic myocardial ischemia or 
stable angina pectoris by decreasing platelet aggre- 


FIGURE 6. Myocardial ischemia 
induced by collateral vessel vaso- 


gina, all who had single vessel 
disease with a total occlusion of 
one coronary eo a ag supplied by 
collateral vessels. The subjects 
were investigated with stress 
testing and ambulatory record- 
ings for ST-segment shifts, and 
some underwent cardiac cathe- 
terization with ergonovine provo- 
cation. The authors postulate 
that constriction of distal coro- 
nary arteries and/or collateral 
vessels may precipitate myocar- 
dial ischemia in these individuals, 
all of whom had normal left ven- 
tricular function and well collater- 
alized distal vessels. This puta- 
tive mechanism of myocardial 
ischemia could operate in pa- 
tients with multi-vessel disease; 
intermittent vasoconstriction of 
the distal coronary vasculature or 
coronary collaterals could impair 
nutrient flow and result in myo- 
cardial ischemia. In the figure, 
this patient had a total occlusion 
of the right coronary artery, with 


collaterals to the distal right coronary artery (A). Following intracoronary ergonovine, the collateralized vessel as well 
as its visible collaterals decreased in caliber in association with chest pain and ST-segment depression (B). After intra- 
coronary isosorbide dinitrate, collateral vessels and right coronary artery caliber returned to normal, with resolution of 
symptoms (C). Thus prevention or reversal of distal vessel and/or coronary collateral vasoconstriction is another poten- 
tial mechanism for nitrate action. (Reproduced with permission from the N Engi J Med.7+) 
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gation and adhesion; it is known that, in the 
presence of endothelial dysfunction, platelet aggre- 
gation results in local vasoconstriction in contradis- 
tinction to normal vasodilation.” It is not known 
whether nitrates will prevent such paradoxical 
activity, but it is interesting to speculate that this is 
another potential benefit for these drugs. 


ACUTE ISCHEMIC SYNDROMES: UNSTABLE 
ANGINA AND ACUTE MYOCARDIAL INFARCTION 

There is reason to believe that the myriad of 
potentially beneficial actions of the nitrates in 
chronic stable angina pectoris are also applicable 
to the syndromes of unstable anginas and acute 
myocardial infarction. Platelet activation is much 
more likely to play an important role in these 
conditions,'!:!? potentially providing additional ben- 
efits of the organic nitrates with respect to their 
antiplatelet and antithrombotic activity.2~’ Intrave- 
nous or sublingual NTG is a first-line agent in the 
treatment of acute myocardial ischemia, even when 
myocardial necrosis is evident. Many clinicians will 
begin therapy of unstable angina with intravenous 
NTG before B blockers or calcium channel antago- 
nists are utilized. In acute myocardial infarction, 
there is considerable evidence that intravenous 
NTG may be beneficial in reducing myocardial 
infarct size, as well as early morbidity and mortality 
(see articles by Flaherty and by Jugdutt in this 
symposium).*’4!, It appears likely that nitrates 
will play an increasingly important role in the 
treatment of acute myocardial infarction. The work 
of Jugdutt is extremely promising and suggests that 
routine administration of intravenous NTG pro- 
vides a variety of important benefits in acute 
myocardial infarction, both early and late after the 
event.*’-°? Continued nitrate administration postin- 
farction is another area for clinical investigation; 
preliminary data,*? as well as anecdotal and retro- 
spective observations,” suggest that the anti- 
ischemic activity of the nitrates may be more 
important in the postinfarct patient than has previ- 
ously been recognized. The results of the ISIS-3 
and GISSI-4 studies will confirm or exclude a role 
for the routine use of organic nitrates in postinfarc- 
tion patients. 


CONCLUSION 

Many mechanisms of action have been identi- 
fied through which NTG and the organic nitrates 
produce beneficial results in the setting of myocar- 
dial ischemia. These agents have been shown to 
reverse Ongoing myocardial ischemia and also are 


effective in preventing episodes of ischemia. The 
emerging body of evidence with respect to endothe- 
lial dysfunction and antiplatelet activity of these 
drugs has increased our understanding of why 
these drugs have continued to remain effective for 
so many years. The concept that administration of 
long-acting nitrates as a strategy to provide an 
EDRF-like compound to individuals with pre- 
sumed endothelial dysfunction is worthy of atten- 
tion. The combined peripheral or systemic vasodila- 
tory actions of the nitrates, as well as the central or 
coronary effects, provide a broad theoretical ratio- 
nale for the employment of these drugs in virtually 
all patients with documented coronary atheroscle- 
rosis and episodes of myocardial ischemia. If the 
problem of nitrate tolerance or attenuation can be 
effectively resolved, as appears possible with the 
use of appropriate dosing strategies (and in the 
future the possible use of thiol donors, angiotensin- 
converting enzyme inhibitors, or diuretics), it is 
likely that the usefulness of nitrates in the therapy 
of myocardial ischemia will continue to increase. 
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Role of Nitrates in Angina Pectoris 


Udho Thadani, MBBS, MRCP, FRCP(C) 


Nitrates are used extensively for the treatment 
of angina pectoris. However, continuous therapy 
with either oral nitrates or nitroglycerin patches 
leads to rapid development of tolerance, with 
loss or diminution of antianginal and anti-isch- 
emic effects. The only practical way to avoid the 
development of tolerance is to use intermittent 
daily therapy with nitrates. Nitroglycerin patches 
applied for 10—12 hours during the day increase 
exercise duration for 8—12 hours, but a rebound 
increase in anginal attacks during the nitrate- 
free interval may occur. Oral isosorbide-5-mono- 
nitrate, 20 mg twice a day, with the first dose ad- 
ministered in the morning and the second dose 7 
hours later, increases exercise duration for at 
least 12 hours without the development of toler- 
ance to either the morning or afternoon dose. 
This dosing regimen has been shown not to pro- 
duce a rebound phenomenon during the periods 
of low nitrate levels at night and early hours of 
the morning. Isosorbide dinitrate (30 mg) pre- 
scribed at 7 am and 1 pm does not produce toler- 
ance to the 7 am dose, but effects of the after- 
noon dose have not been evaluated. Recent data 
suggest that isosorbide dinitrate given 3 or 4 
times daily produces tolerance and this dosing 
schedule is inadequate for antianginal prophy- 
laxis. It should be recognized that intermittent 
oral or patch therapy with nitrates during the day 
leaves the patient unprotected at night and early 
hours of the morning. If this is of concern, addi- 
tional therapy with another class of antianginal 
agent, preferably a long-acting 6 blocker ora 
long-acting calcium antagonist should be insti- 
tuted. 
(Am J Cardiol 1992;70:43B—53B) 
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itroglycerin and long-acting nitrates are 
Noe the oldest remedies used in the 
management of patients with ischemic 
heart disease. Nitroglycerin was first administered 
to patients with angina pectoris in 1879 by Mur- 
rell.! Since then, substantial evidence has accumu- 
lated to show that when used in sublingual form, 
nitroglycerin is an effective antianginal and anti- 
ischemic agent that can abort an attack of estab- 
lished angina pectoris and, when taken prophylac- 
tically, prolong exercise tolerance.?° Because of 
the short duration of action of sublingual nitroglyc- 
erin, many other forms of nitrates and different 
delivery systems were manufactured with claims 
that these agents exerted prolonged antianginal 
and anti-ischemic effects.*!° Recent studies, how- 
ever, show that tolerance to circulatory and an- 
tianginal effects develops rapidly in humans during 
long-term, 4 times a day, therapy with isosorbide 
dinitrate!! and continuous therapy with nitroglyc- 
erin patches.!™!6 It is now well established that 
long-acting nitrates do not provide 24-hour antiangi- 
nal prophylaxis. By using nitrates appropriately 
and providing a long nitrate-free interval, the 
development of tolerance can be minimized.’ This 
may, however, leave the patient unprotected at 
night, which often is not a concern for patients who 
experience angina pectoris only during daily activi- 
ties, but may be of importance in other patients.. 
In this review the rationale for the use of 
nitrates in angina pectoris, problems with nitrate 
therapy, and the relevance of tolerance and how it 
may be circumvented will be discussed. In addition, 
specific recommendations of the appropriate use 
of nitrates in patients with stable angina pectoris 
will be made. 


PATHOPHYSIOLOGY OF STABLE ANGINA 
PECTORIS 

Most patients with stable angina pectoris have 
atherosclerotic coronary artery disease. Exercise- 
induced increase in myocardial oxygen demand 
cannot be met by an equal increase in coronary 
blood flow; this produces an imbalance between 
myocardial oxygen demand and supply and leads to 
myocardial ischemia. In the majority of patients, 
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symptoms can be reproduced by exercise at identi- 
cal work loads and rate—pressure products. In some 
patients, an increase in coronary tone may bring 
about a reduction in coronary blood flow and 
aggravate ischemia. Considerable evidence also 
indicates that many coronary atherosclerotic nar- 
rowings are capable of vasoconstriction,!* espe- 
cially during exercise.!? Spontaneous constriction 
or narrowing at the site of maximal stenosis may 
account for variable angina threshold observed in 
some patients with stable angina pectoris.” 

A minority of patients with classic stable angina 
pectoris do not have atherosclerotic heart disease 
and in these patients reduction of coronary blood 
flow reserve may play a significant role in produc- 
tion of myocardial ischemia.*! 


MECHANISM OF ACTION OF NITRATES IN 
STABLE ANGINA 

Nitrates are potent venous and arterial dilators. 
At lower doses, venodilation predominates; at 
higher doses, however, arterial dilation also occurs. 
Nitrates can produce dilation of the coronary 
arteries, even when the endothelium is denuded. 
The cellular mechanisms by which nitrates produce 
vasodilation are not entirely clear. After entering 
the vessel wall, nitrates are converted to nitric 
oxide. This process requires the sulfhydryl groups, 
nitrosothiols, or the released nitric oxide to stimu- 
late soluble guanylate cyclase to produce cyclic 
guanosine monophosphate (cGMP). The cyclic 
nucleotide thus formed causes vasodilation as myo- 
cytic intracellular calcium is decreased, either by 
inhibition of calcium ion entry or by promotion of 
calcium exit. 

Nitrate-induced venodilation causes pooling of 
the blood in the periphery and splanchnic bed and 
decreases venous return, which in turn reduces 
ventricular volume and pressure. Left ventricular 
wall stress is reduced, with a resultant decrease in 
myocardial oxygen demand.”* Further, a modest 
decrease in arterial pressure also reduces oxygen 
demand, but this is offset by a reflex increase in 
heart rate. Nitrates also dilate coronary artery 
stenosis and increase collateral blood flow and 
improve subendocardial perfusion in the ischemic 
regions. Nitrates relieve coronary spasm and dy- 
namic stenosis and prevent exercise-induced coro- 
nary constriction at the epicardial stenosis site.!° 
Further, nitrates also reduce platelet aggregability 
and this may play a role in preventing coronary 
constriction.” Thus, nitrates not only reduce myo- 
cardial oxygen demand, but also improve perfusion 
to ischemic areas. Both these mechanisms play a 


role in reducing myocardial ischemia in patients 
with stable angina pectoris. (See also the article by 
Abrams in this symposium.) 


ROLE OF NITRATES IN STABLE ANGINA 
PECTORIS 
Antianginal medications are used primarily to 
improve quality of life by providing symptomatic 
relief or abolishing attacks of angina and by improv- 
ing exercise tolerance. Whether these agents in- 
crease survival in patients with stable angina pecto- 
ris is not known. Nitrates are inexpensive and have 
a long-term safety record and are often the initial 
therapy in patients with angina pectoris. These 
agents are primarily used for the following: 
e To relieve the pain of an already established 
attack of angina 
e To prevent an attack of angina prior to engag- 
ing in activity that is known to precipitate it 
e For the long-term prophylaxis to prevent at- 
tacks that occur during everyday activities. 
The types of nitrate preparations used to achieve 
these goals are very different from each other. 
Shorter-acting preparations are used for the relief 
of an established attack of angina, whereas long- 
acting preparations are used for antianginal prophy- 
laxis (Table I). A major problem with nitrate 
therapy during long-term prophylaxis of angina 
pectoris is the development of tolerance, which 
may render these agents ineffective. An understand- 
ing of this phenomenon and how to avoid or 
minimize the development of tolerance is essential 
for appropriate patient management. 


NITRATES FOR THE RELIEF OF AN 
ESTABLISHED ATTACK OF ANGINA 

Only the short- and rapid-acting forms of ni- 
trates are suitable for this indication. For patients 
who experience angina only during exercise, discon- 
tinuation of effort invariably relieves angina.” 
When angina is not relieved, however, sublingual 
nitroglycerin tablets 0.4-0.6 mg or spray that deliv- 
ers 0.4 mg nitroglycerin per puff is highly effective 
in relieving angina within a few minutes. The 
tablets or spray can be used every 5 minutes, and 
up to a maximum of 3 tablets or puffs may be 
required for the relief of angina. Sublingual nitro- 
glycerin is also effective in emotionally induced 
angina or when angina occurs at rest in patients 
with stable angina pectoris. 

For patients who experience angina infre- 
quently, intermittent use of sublingual nitroglyc- 
erin tablets or spray for the relief of angina is 
usually sufficient. In this group of subjects other 
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TABLE I Nitrate Preparations for Stable Angina Pectoris 


Trade 
Names 





Route of 
Administration 





Preparation 























Nitroglycerin Trinitrin, (glyceryl Sublingual 
trinitrate) i 
Oral spray 
Buccal 
Ointment 






Transdermal patches 







Oral sustained release 















Isosorbide dinitrate Isordil, Isordil Tembids Sublingual 
Oral 
Slow release 
Ointment 
Isosorbide-5-mononitrate Oral 






Sustained release 





Dose 






0.3—1.5 mg, as needed 


0.4 mg per metered dose, 
as needed 


2.5—6 mg 3 times daily 


2% ointment 15 x 15cm 
or 12.5—40 mg 

7.5—10 mg/12 hours; 
patches removed after 12 
hours 


2.6—9 mg tablets 3 times 
daily 
5-15 mg 


20—60 mg 2 or 3 times 
daily 


80 mg once daily 
100 mg/24 hours 


20 mg 2 times daily; 
eccentric dosage at 8 AM 
and 3 PM 

40—100 mg once daily 





Duration of Effects and 
Comments 


Very short half-life; peak 
effect 2—3 min; duration 
of effect up to 1 hour 

Very short half-life; effects 
apparent within 5 min- 
utes 

Duration of action 4—5 
hours 

Inadequate data; not gener- 
ally used in stable angina 

Effects apparent within 1—2 
hours; not effective during 
continuous therapy. Dur- 
ing intermittent therapy, 
duration of effect is 8—12 
hours 

Inadequate data 


Onset of action in 5—10 
minutes; effects last up to 
60 minutes 

Exercise time raised for 2—8 
hours after single doses; 
4 times daily therapy pro- 
duces tolerance; asym- 
metric 2 or 3 times daily 
therapy with 30 mg pre- 
vents tolerance 

Effective for 8—12 hours 

Not effective during continu- 
ous therapy 

Duration of effect 6—10 
hours 


Claimed efficacy up to 9 








Pentaerythritol tetranitrate Peritrate Oral 


Adapted from Cardiol Clin.2° 


forms of antianginal medication may not be neces- 
sary. There are no data suggesting that sublingual 
nitroglycerin used intermittently leads to develop- 
ment of tolerance, but its effects are very short- 
lasting and it is not possible to provide continuous 
antianginal prophylaxis with these preparations." 


IMMEDIATE PROPHYLAXIS FOR AN 
ANTICIPATED ATTACK OF ANGINA 

Nitrate preparations that have a rapid onset of 
action are suitable for this purpose.'’ Sublingual 
nitroglycerin and nitroglycerin spray are rapidly 
absorbed and can increase exercise tolerance within 
3-5 minutes of administration. The duration of 
effect is, however, <1 hour.!”7° 

Sublingual isosorbide dinitrate is an alternative, 
but its onset of action is slower than sublingual 
nitroglycerin and the effects may persist for up to 2 
hours. 


(not available in U.S.) 


hours during chronic ther- 
apy, depending on prepa- 
ration 

Single doses effective, but 
usefulness of continuous 
therapy is questionable 


40 mg 4 times daily 


Buccal nitroglycerin is an interesting formula- 
tion because it initially releases nitroglycerin in a 
manner similar to sublingual nitroglycerin and 
then there is constant release of nitroglycerin at a 
slower rate for up to 5 hours. Thus, buccal nitroglyc- 
erin may be more desirable than other nitrate 
preparations when prophylaxis is required for 3-5 
hours.” 

Oral and cutaneous formulations of nitrates are 
usually not suitable for immediate prophylaxis for 
an anticipated attack of angina unless the patient 
expects to engage in an activity 1-4 hours after the 
ingestion or application of the drug. 

Short- and rapid-acting nitrate preparations for 
infrequent intermittent use are recommended in 
patients who experience angina infrequently and/or 
only during exertion.” Patients who experience 
angina more frequently require antianginal prophy- 
laxis on a regular basis. 
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LONG-TERM PROPHYLAXIS OF ANGINA 
PECTORIS 

The majority of patients with stable angina 
pectoris have reproducible exertional or emotion- 
ally induced angina. In addition, many also experi- 
ence occasional angina at rest in a stable pattern. 
In this group of patients the aim of therapy is to 
improve quality of life by abolishing or reducing 
the daily episodes of angina and by increasing the 
pain-free walking distance. To achieve this goal, 
the patient needs to use only those nitrate ana- 
logues or formulations that provide therapeutic 
benefit throughout the day or at least for several 
hours during the day when the patient is active. 

Continuous prophylaxis is not possible with 
nitrates due to development of rapid tolerance. 
Therefore, one has to resort to providing antiangi- 
nal prophylaxis with nitrates only during the wak- 
ing hours. 


NITRATES CANNOT PROVIDE 24-HOUR 
ANTIANGINAL PROPHYLAXIS, BECAUSE OF 
DEVELOPMENT OF TOLERANCE 

Tolerance to vasodepressor effects during ni- 
trate therapy develops rapidly in animals?’ and in 
hypertensive” and normotensive humans.” Until 
recently, it was thought that tolerance to circula- 
tory effects had little clinical relevance as far as 
patients with angina pectoris were concerned.*” 
Danahy and colleagues’ showed that after an aver- 
age dose of 29 mg (range 20-50 mg) of isosorbide 
dinitrate 4 times a day, there was no attenuation of 
antianginal effects at 1, 3, or 5 hours after the 
morning dose. In that study, however, the previous 
dose of isosorbide dinitrate was withheld for 16 
hours or more. Thus, the effects of the morning 
dose of medication during sustained therapy were 
assessed from 16 to 40 hours after interruption of 
continuous 4 times a day therapy. Lee and col- 
leagues in 1978 reported a significant improve- 
ment in exercise tolerance at 6 hours postdose 
after several weeks of 4 times a day therapy with 60 
mg slow-release isosorbide dinitrate in comparison 
with placebo. Schneider and colleagues’?! reported 
a marked decrease in angina frequency during 
high-dose isosorbide dinitrate therapy 4 times a 
day in comparison with the initial placebo and final 
placebo withdrawal phase. However, the symptoms 
of angina are very subjective and double-blind 
placebo therapy may reduce angina attacks by a 
magnitude similar to that reported by Schneider 
and colleagues.” 

The reports just discussed were considered to 
be pivitol to the belief that tolerance to antianginal 


effects does not develop during long-term nitrate 
therapy.” Nitrate tolerance as an important con- 
cept limiting antianginal efficacy of nitrates resur- 
faced with reports that partial tolerance to antiangi- 
nal and anti-ischemic effects of isosorbide dinitrate 
during 4 times daily therapy!!3* and complete 
tolerance during continuous therapy with patches 
develeped rapidly.'*!° This issue has been ad- 
dressed in detail previously!’*>*’ and will be sum- 
marized here. 

Earlier Thadani and colleagues!!! in a dose- 
response study showed a marked attenuation of 
peak effects and duration of effects after 2 weeks of 
therapy with 15, 30, 60, and 120 mg isosorbide 
dinitrate, 4 times a day, compared with the effects 
after the first dose (Figure 1). This occurred 
despite higher plasma concentrations of isosorbide 
dinitrate during chronic than acute therapy (Figure 
1).!' Subsequent to this study, loss of anti-ischemic 
effects during sustained therapy with isosorbide 
dinitrate or its active metabolite isosorbide-5- 
mononitrate was reported by other investigators in 
well-designed, placebo-controlled studies. 1737 

Some of the earlier studies with nitroglycerin 
patches that release nitroglycerin for a period of at 
least 24 hours showed that the patches could 
provide continuous antianginal prophylaxis for at 
least 24 hours both after the initial application and 
after continuous therapy for 2-3 weeks.3*“° 

Subsequent well-designed studies, however, 
showed no improvement in exercise duration or 
reduction in angina frequency after the application 
of nitroglycerin patches compared with placebo 
patches.'*"'®5 In a recently completed multicenter 
patch study in 562 patients, neither low doses of 
nitroglycerin (15 mg/day) or intermediate doses or 
very high doses (105 mg/day) improved either 
exercise tolerance or reduced angina frequency in 
comparison to placebo patches after 8 weeks of 
daily therapy (unpublished data).*! Further, there 
is a concern that high doses of nitroglycerin may 
produce cross-tolerance to sublingual nitroglycerin 
(Figure 2).4¢ 

Constant delivery of isosorbide dinitrate* via 
the cutaneous route or with some of the slow- 
release formulations of isosorbide-5-mononi- 
trate*4> also produces tolerance to the antianginal 
effects. 

From the available data one can only conclude 
that tolerance to antianginal and anti-ischemic 
effects develops rapidly during chronic therapy 
with nitrates. The tolerance is complete with prep- 
arations that deliver nitrates constantly and pro- 
vide constant plasma concentrations.!’4 The toler- 
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ance is partial and characterized by reduced peak 
and duration of effects with preparations that 
provide peaks and valleys in plasma concentrations 
- throughout the dosing interval.'7*4°7 

Thus, one can conclude that the available ni- 
trate preparations cannot provide continuous antiangi- 
nal prophylaxis throughout the 24-hour period. 


CAN CONTINUOUS ANTI-ANGINAL 
PROPHYLAXIS WITH NITRATES BE PROVIDED 
BY PREVENTING NITRATE TOLERANCE 
PHARMACOLOGICALLY? 

Development of tolerance to nitrates is second- 
ary to loss of vascular response to nitrates during 
continuous exposure. The cellular mechanism is 
believed to be oxidation or depletion of sulfhydryl 
groups.*° This eventually leads to reduced forma- 
tion of cGMP and thus less vasodilation. Nonsulf- 
hydryl mechanisms, including activation of neuroen- 
docrine hormones or an increase in plasma volume, 


Acute therapy Sustained therapy 


Plasma concentration ng/mL 
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Hr after single oral dose 


ues 10 hours after a previous dose taken the night before. Plasma ISDN 


have been postulated to explain tolerance,!73436.37 
but none is as well documented as the sulfhydryl 
mechanism. (See Parker and Parker in this sympo- 
sium.) 

Prevention of nitrate tolerance by pharmaco- 
logic means (i.e., use of sulfhydryl donors such as 
acetylcysteine or methionine) remains a theoreti- 
cal possibility. The published results of preventing 
tolerance with sulfhydryl donors in patients with 
angina pectoris have been conflicting and invari- 
ably disappointing.'’*44” Added cost and adverse 
effects of cotherapy with sulfhydryl donors limit 
their usefulness, and this approach, therefore, 
cannot be recommended. 

Angiotensin-converting enzyme inhibitors are 
being tested to reverse tolerance, especially with 
captopril, since it also contains sulfhydryl groups. 
Because of the added cost and potential adverse 
effects, additional therapy with these agents cannot 
be justified at present. 
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therapy, but peak effects and duration of effects on systolic blood pressure at rest and in the standing position, as well 
as exercise time to angina, were markedly attenuated. (Adapted from Am J Cardiol.**) 
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LONG-TERM PROPHYLAXIS OF ANGINA 
PECTORIS WITH INTERMITTENT NITRATE 
THERAPY 

With the recognition that continuous antiangi- 
nal prophylaxis with nitrate monotherapy cannot 
be provided, recent emphasis has been on using 
dosage schedules to provide nitrate therapy for 
only a portion of the day in order to circumvent or 
minimize the development of tolerance.**? There 
are animal data showing that vascular reactivity to 
nitrates can be restored after a period of nitrate- 
free interval. However, the period of nitrate-free 
interval required to restore vascular reactivity is 
dependent on the dose and duration of exposure to 
nitrates.” 

In humans, most of the studies have been 
performed with fixed doses and results vary with 
different nitrate preparations used, but in general 
the principle is to provide marked fluctuations 
(peaks and valleys) in plasma concentrations be- 
tween the doses, which seem to maintain nitrate 
responsiveness.?*37 


ISOSORBIDE DINITRATE 

Isosorbide dinitrate 30 mg prescribed twice 
daily at 7 AM and 12 noon or three times a day at 
7 AM, 12 noon, and 5 PM was reported to be an ideal 
way to administer this medication because this 
dosing regimen did not produce tolerance, whereas 
4 times a day therapy with the same dose at 7 AM, 
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12 noon, 5 PM, and 11 PM produced tolerance.‘ 
However, in that study effects of isosorbide dini- 
trate were evaluated only after the morning dose 
after an overnight washout period and a previous 
dose that was administered 18 and 14 hours previ- 
ously during twice and 3 times daily therapy, 
respectively. Even then, there was some attenua- 
tion of anginal effects during 2 and 3 times daily 
therapy (Figure 3).'’ The effects of 12 noon and 5 
PM doses were not studied.'’*? In a recent study 
diminished effects of the second and third dose of 
40-60 mg isosorbide dinitrate on exercise tolerance 
were reported compared with the effects of the 
morning dose (Figure 4). 

Sustained-release isosorbide dinitrate 80 mg 
administered once daily or at 8 AM and 2 PM did not 
produce tolerance toward the anti-ischemic effects 
of the 8 AM dose, but when the same dose was given 
at 8 AM and 8 PM, tolerance toward the 8 AM dose 
developed. In this study effects of the 2 PM dose 
on exercise tolerance were not evaluated. 


BUCCAL NITROGLYCERIN 

Buccal nitroglycerin (3 mg) 3 times a day for 14 
days improved exercise tolerance for up to 5 hours, 
an effect similar to that after the initial dose.*4 The 
last dose, however, was prescribed at 5 PM, and an 
interval of 15 hours elapsed between that dose and 
the morning dose, after which the exercise tests 
were performed. 


FIGURE 2. Effects of continuous 
intravenous nitroglycerin infusion 
on exercise time to angina. Dur- 
ing the 24 hours of nitroglycerin 
infusion, plasma nitroglycerin 
concentrations (5.3 + 1.2 ng/mL) 
were stable, but there was a 
marked attenuation of 

erin’s effect on exercise time by 8 
hours and complete loss of its 
effect at 24 hours, in comparison 
with placebo. At 24 hours, sublin- 
gual administration of nitroglyc- 
erin did not increase exercise 
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FIGURE 3. Duration of effects af- 
ter first dose of 30 mg of isosor- 
bide dinitrate and after the same 
dose after 1 week of twice-daily 
therapy given at 7 am and 12 
noon; after 3 times daily therapy 
given at 7 am, 12 noon, and 5 pm 
and after 4 times daily therapy 
given at 7 am, 12 noon, 5 pm, and 
11 pm. Data show a marked atten- 
uation of effects after 4 times 
daily therapy compared with the 
first-dose effect. Some attenua- 
tion also was present, however, 
even after the less frequent regi- 
mens. (Adapted from N Engi J 
Med.**) 
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ISOSORBIDE-5-MONONITRATE 

Isosorbide-5-mononitrate, an active metabolite 
of isosorbide dinitrate, is widely used in Europe 
and has just become available in the United States. 
It is nearly completely bioavailable after oral admin- 
istration and has a longer elimination half-life than 
its parent compound. Four times daily therapy with 
this agent produces tolerance.“ Partial tolerance 
develops with the 20 mg dose administered twice a 
day at 8 AM and 8 pM.*° When used twice a day at 8 
AM and 2 PM (eccentric dosing schedule), tolerance 
does not develops and both the 8 AM and 2 PM 
doses increase exercise duration.®! 

With the slow-release formulation administered 
once a day, contrasting results have been reported. 
In one study tolerance developed within a week 
after once daily therapy with 50 and 100 mg 


FIGURE 4. Mean duration of exer- 
cise to angina at different hours 

days on which placebo or 
isosorbide dinitrate (ISDN) was 
administered. Capsules contain- 
ing placebo or isosorbide dini- 
trate were given to patients at 8 
AM, 1 pm, and 6 pm. Clinically sig- 
nificant increase in exercise time 
was present for only 1—2 hours 
after each dose. (Reprinted with 
permission from J Am Coll Car- 
diol.©) 
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doses.45 In other studies with a slightly different 
formulation improvement in exercise tolerance at 4 
and 8 hours postdose was reported after 2 weeks of 
once daily therapy.°* 


NITROGLYCERIN 

Nitroglycerin given orally in a slow release 
formulation is widely used, but there are limited 
data showing its efficacy during long-term ther- 


apy.!’ 


NITROGLYCERIN PATCHES 

With a patch-free interval of 10-12 hours but 
not 4 hours, nitroglycerin patches retain their 
initial antianginal effectiveness.5%-5259.65-67 Figure 5 
shows improvement in exercise tolerance during 
intermittent patch therapy and no improvement 
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FIGURE 5. Treadmill walking time after the first dose 
(acute) and after 1 week of intermittent therapy (IT) with 
active (A) transdermal nitroglycerin patch applied for only 
12 hours each day produced a significant increase in exer- 
cise time at 3.5 hours after dose. No improvement in exer- 
cise duration occurred when the active patch was applied 
continuously, twice a day, 12 hours apart (CT) for 1 week. 
Placebo patches (P) had no effect on exercise time. 
(Adapted from Br Med J.°°) 
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when patches were used continuously.” In a recent 
multicenter study in 206 patients, intermittent 
12-hour therapy with nitroglycerin patches was 
more effective than placebo patches administered 
for at least 8 hours after patch application (Figure 
6).°* However, small patches that deliver <15 
mg/24 hours of nitroglycerin may be ineffective.>? 


PROBLEM OF REBOUND INCREASE IN 
ANGINAL ATTACKS AND ZERO HOUR EFFECT 
ON EXERCISE DURATION DURING 
INTERMITTENT NITRATE THERAPY 

In the large multicenter study with intermittent 
therapy with nitroglycerin patches, some of the 
patients experienced increased frequency of noctur- 
nal angina.’ Whether a similar increase in noctur- 
nal angina (rebound phenomenon) also occurs 
during intermittent therapy with oral nitrates has 
not been well studied. However, this possibility | 
should always be considered in individual patients 
being treated with nitrate regimens that provide 
long nitrate-free intervals. 

The concept of 0 hour effect on exercise toler- 
ance of intermittent nitrate therapy has emerged 
after the report that exercise duration in the 
morning prior to the application of the active 
nitroglycerin patch during intermittent therapy did 
not increase compared with baseline values during 
single-blind placebo therapy.” In contrast, patients 
who were treated with placebo patches during 
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intermittent therapy showed an increase in their 
exercise duration compared with their baseline 
values during single-blind placebo therapy (Figure 
7)? However, the clinical significance of this 
finding remains unclear. In a recent study with oral 
isosorbide-5-mononitrate administered twice daily 
at 8 AM and 3 PM, a similar phenomenon was not 
observed.°! These contrasting results may be due to 
the fact that plasma nitrate concentration de- 
creases rapidly to zero after the removal of the 
patch, whereas the plasma concentration declines 
slowly after the noon dose of isosorbide-5-mononi- 
trate. A study in a large number of patients is 
required to address this issue meaningfully. 


RECOMMENDATIONS REGARDING 
INTERMITTENT THERAPY WITH NITRATES 

With intermittent nitrate therapy, it is only 
possible to provide antianginal prophylaxis for 
several hours during the day. For this, one can 
either use isosorbide dinitrate 30 mg 2 or 3 times 
daily at 8 AM and 12 noon or at 8 AM, 12 noon, and 5 
PM or isosorbide-5-mononitrate 20 mg at 8 AM and 
_2PMor nitroglycerin patches with at least a 12-hour 
patch-free interval at night. This approach for 
nitrate use is currently recommended. However, it 
should be recognized that the patient is not pro- 
tected at night or in the early hours of the morning. 

For patients who experience angina only during 
the day during physical activities, monotherapy 
with intermittent daily use of nitrates may suffice. 
However, in patients who experience nocturnal 
angina in the first few hours of waking up, nitrate 
therapy alone is inadequate. Since the patient is 
unprotected in the early hours of the morning 
when incidence of myocardial infarction, sudden 
death, and myocardial ischemia is high, it is recom- 
mended that another class of antianginal agent, 
i.e., a long-acting B blocker be used concomi- 
tantly.” 


ROLE OF COMBINATION THERAPY WITH 
NITRATES AND BETA BLOCKERS OR CALCIUM 
ANTAGONISTS 

Nitrates can be combined effectively with B 
blockers, because these agents have different mech- 
anisms by which they ameliorate ischemia.'’ Beta 
blockers lower oxygen demand by lowering heart 
rate, contractility, and blood pressure during exer- 
cise, but these agents may increase ventricular 
volume. The reflex increase in heart rate by ni- 
trates is attenuated by B-blocker therapy, whereas 
concomitant nitrate therapy prevents ventricular 
dilation seen with B blockers. Combination therapy 





is superior to B-blocker therapy alone in patients 
who remain symptomatic despite therapy with ` 
adequate doses of B blockers. However, there. are 
no good studies in which effects of monotherapy 
with either agent alone have been compared to 
combination therapy in a systematic way.!7" 

There is inadequate information regarding the 
usefulness of intermittent nitrate therapy plus 
calcium antagonists in patients with stable angina 
pectoris, although such therapy is often used. From 
pharmacodynamic considerations, the combina- 
tion of nitrates and either diltiazem or verapamil 
(nondihydropyridine calcium antagonists) is more 
desirable than a nitrate plus a dihydropyridine 
group calcium antagonist. 


ADVERSE EFFECTS OF NITRATES 

Nitrates are fairly safe drugs when used in 
therapeutic doses. In clinical practice, headaches 
are frequent and in some patients may be severe. 
Some 10-20% patients are unable to tolerate 
headaches because these may be associated with 
nausea and prostration. Nonprescription analge- 
sics are often useful in relieving headaches.’ 

Nitrate-induced syncope also occurs and is prob- 
ably underreported.'’ Some patients have experi- 
enced syncope after sublingual nitroglycerin. This 
occurs as a result of the marked decrease in blood 
pressure and inappropriate bradycardia. In some 
patients complete heart block or asystole may 
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FIGURE 7. Time (means, SE) to development of moderate 
angina. Group A = treatment with 10 or 20 cm? transder- 
mal nitroglycerin; group B = treatment with 30 or 40 cm? 
transdermal nitroglycerin. {Comparison of placebo versus 
group Ais statistically placebo 
versus group A and group B is statistica 
printed with permission from DeMots, J Am Coll Cardiol.5?) 
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develop. Fortunately, these are rapidly reversible 
by atropine therapy and elevation of the legs above 
the horizontal position. In nitrate-sensitive individ- 
uals it is preferable to avoid nitrate therapy. 


FAILURE OF NITRATE THERAPY 

About 10% of patients do not respond to 
nitrates,'’ and in this group of patients an alterna- 
tive antianginal agent should be used. 


CONCLUSIONS AND RECOMMENDATIONS 

In patients with stable angina pectoris, continu- 
ous therapy with either oral nitrates or nitroglyc- 
erin patches produces tolerance with loss or dimi- 
nution of antianginal and anti-ischemic effects. 

Patients who have minimal symptoms should be 
advised to use sublingual nitroglycerin when re- 
quired. In more symptomatic patients intermittent 
daily therapy with oral nitrates (isosorbide dini- 
trate 30 mg or isosorbide-5-mononitrate 20 mg 
twice a day at 7 AM or 8 AM and 2 PM or 3 PM) or 
with nitroglycerin patches (with 12-hour patch-free 
interval and patch size delivering >15 mg/24 
hours of nitroglycerin) is recommended for the 
treatment of patients with stable angina pectoris. 
However, this form of nitrate therapy exerts anti- 
anginal and anti-ischemic effects for only 8-12 
hours during the day when the patient is active. 

In patients with stable angina pectoris who 
experience pain only during daily activities, inter- 
mittent nitrate therapy with oral formulations or 
patches may suffice. However, the patient remains 
unprotected at night and early hours of the morn- 
ing, and if this is a concern, intermittent nitrate 
therapy should be combined with another class of 
antianginal agent, preferably a long-acting B blocker 
or a long-acting calcium antagonist such as dilt- 
iazem and verapamil. 

It is recommended that intermittent nitrate 
therapy not be used in the rare patient who is 
extremely sensitive to small doses of nitroglycerin 
and who experiences profound hypotension or 
near syncope after a sublingual test dose of nitro- 
glycerin. 
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Daily Life Ischemia and Nitrate Therapy 


Carl J. Pepine, MD 


Daily life ischemia has generated considerable 
interest because most of it is silent and associ- 
ated with increased risk of adverse outcome. 
Coronary vasomotion, as well as increases in 
myocardial oxygen demand, seem important in 
the pathogenesis of this form of ischemia, so 
treatment with nitrates seems rational. Adminis- 
tration of sublingual nitroglycerin hourly, over 12 
hours, was shown to decrease both silent and 
painful ischemic episodes in patients with effort 
angina. Subsequently, isosorbide dinitrate or 
mononitrate, given either as an intravenous infu- 
sion or orally, was shown to decrease both silent 
and painful ischemic episodes in patients with 
unstable rest angina and in those with severe 
angina. More recently, 6 studies have reported 
using transdermal nitroglycerin for daily life isch- 
emia. Three of these reported open-label uncon- 
trolled observations and suggested that ischemia 
frequency may be reduced approximately 60— 
80% during treatment with doses of 10—30 mg/ 
day, with a duration of treatment ranging from 1 
hour to 14 days. In 2 of these reports the duration 
of ischemia also decreased. The other 3 studies 
were randomized, double-blind, placebo-con- 
trolled studies with a total enroliment of 86 pa- 
tients. These studies provided mixed results. One 
suggested that evidence for partial tolerance 
develops within 1 day of treatment, using large 
continuous or intermittent doses (mean, 52 mg/ 
day). Another suggested that no tolerance devel- 
ops to intermittent dosing (18 mg/16 hr out of 24 
hr) during exercise testing but no effect is seen 
on daily life ischemia. The remaining study sug- 
gested that tolerance does not develop using 
small doses (15 mg/day) continuously over 14 
days for ischemia during daily life, and that this 
response is different from that observed using 
the calcium antagonist nifedipine. These limited 
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observations and conflicting results underscore a 
need for additional larger controlled trials, em- 
ploying topical nitrate therapy in low intermittent 
doses for daily life ischemia. 

(Am J Cardiol 1992;70:548—63B) 


he recent acceptance of silent myocardial 
l ischemia as a problem associated with in- 
creased risk of adverse outcome has at- 
tracted considerable attention, particularly relative . 
to its treatment with nitrates and other agents.! 
Before specifically addressing nitrate treatment 
issues, it is appropriate to review briefly the clinical 
problem of silent or asymptomatic ischemia. 

The concept of silent ischemia is not new and 
dates back to when asymptomatic ischemic-type 
ST-segment responses were first observed during 
Masters-type exercise testing. These patients were 
thought to have “latent,” “asymptomatic,” or 
“silent” coronary artery disease and to be in an 
early phase of their disease and not at risk for 
ischemia unless they were undergoing high-level 
stress. The development of sensitive and accurate 
ambulatory electrocardiographic (ECG) recorders 
led to the observation that patients with coronary 
artery disease, some of whom were never symptom- 
atic, frequently have episodes of ischemia during 
activities of daily life. It is now clear that most 
daily life ischemia occurs in the absence of symp- 
toms and that daily life ischemia can occur in 
patients with various clinical subsets of coronary 
artery disease (e.g., asymptomatic, angina, postmy- 
ocardial infarction, and survivors of sudden death). 
The presence of this form of ischemia, even in 
patients with angina, has recently been identified 
as an independent marker for adverse outcome. - 

If we could better understand the pathogenesis 
of daily life ischemia, we could gain further insight 
into the mechanisms responsible for both ischemia 
and the interaction between ischemia and adverse 
outcome. Then, perhaps, we could begin to identify 
factors that are important to this interaction and 
design therapy to modify them. Although this 
review will focus on therapy with nitrates to modify 
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daily life ischemia, discussion of pathophysiologic 
mechanisms of daily life ischemia is pertinent to 
understand how nitrates and other anti-ischemic 
agents operate. 


PATHOPHYSIOLOGY OF DAILY LIFE SILENT 
ISCHEMIA 

Early studies, using detailed daily diaries and 
ambulatory electrocardiographic monitoring, first 
documented that most ischemic activity occurred 
- while patients were awake but during periods of 
usual or nonexertional activities. In our index 
studies, 72% of the episodes occurred during the 
daytime when patients were sitting at ease and 
mentally or emotionally active, rather than physi- 
cally active. We estimated the approximate meta- 
bolic costs of the activities when most ischemia 
- occurred and found them to be <50% of the 
metabolic cost associated with exercise-induced 
ischemia in the same subject. Recently, Barry and 
coworkers’ confirmed and extended our observa- 
tions on the relation between physical activities 
and perceived mental stress to daily life ischemia. 
Most (58%) daily life ischemic activity occurred 
during usual or low physical activities and high or 
usual mental activities. When the duration of 
ischemia was normalized for time spent in each 
activity category, increasing mental as well as 
physical activity was associated with an increasing 
duration of ischemia per unit time. They concluded 
that the intensity of both perceived psychologic 
and physical states had important influences on 
daily ischemic activity. Also, we had found that an 
individual patient’s daily life ischemic activity often 
occurred at a heart rate that was significantly lower 
than the heart rate observed at the onset of 
ischemia during exercise testing.* This finding has 
been confirmed by others>~’ and adds strong sup- 
port to the concept that daily life ischemia involves 
coronary vascular alterations that limit oxygen 
delivery as well as increases in myocardial oxygen 
consumption. 

Taken collectively, these findings indicate that 
the pathophysiology of daily life ischemia is likely 
to be much more complex than previously thought. 
The concept that a “fixed” plaquelike coronary 
obstruction limits coronary flow at a relatively 
constant ceiling in response to increasing myocar- 
dial oxygen demand to result in ischemia expressed 
as angina is clearly not the complete picture. It 
follows that better treatment will result from a 
more complete understanding of all of the pro- 
cesses involved in daily life ischemia. To this end, 


our understanding of coronary reactivity is perti- 
nent as it relates to activities of daily life. 


CORONARY VASOMOTION AND SYMPATHETIC 
STIMULATION 

Multiple factors that could be operative during 
daily life ischemia are known to influence coronary 
vascular tone. These include the autonomic ner- 
vous system, catecholamines, and local effects of 
vasoactive substances released from platelets as 


well as blood flow and even the arterial wall itself. 


Numerous angiographic studies, including many 
from our laboratory, have identified coronary ar- 
tery disease patients who have dynamic coronary 
artery constriction. These changes in the coronary 
bed may result in primary decreases in blood 
supply and contribute to both acute and chronic 
ischemic syndromes.* Abnormal constrictor re- 
sponses in both large and smaller vessels may also 
cause severe cardiac ischemia and such responses 
have been demonstrated in response to many 
common daily life stimuli. 

Mudge and coworkers’ suggested that cardiovas- 
cular reactivity, evoked by cold pressor stress, 
increased coronary vascular resistance in some 
coronary artery disease patients as well as heart 
rate and blood pressure in all patients. We con- 
firmed this abnormal vasoconstrictor response and 
extended their observations. We found that reactiv- 
ity that contributed to the increased coronary 
resistance was localized to myocardial regions 
supplied by arteries with significant atherosclerotic 
disease, but not to regions supplied by angiograph- 
ically normal-appearing coronary arteries.!? We 
also measured coronary artery size and found that 
the distal coronary segments, in the range of 
1.0-1.5 mm in diameter, appeared to be the most 
reactive to cold pressor stress.'! Large coronary 
artery reactivity alone did not appear to be of 
sufficient magnitude to explain all of the increase 
observed in coronary resistance. This conclusion 
was based on the observation that the cold pressor- 
induced resistance changes persisted even when 
the larger coronary vessels were dilated by nitroglyc- 
erin pretreatment.!? Subsequently, Gunther et al! 
reported that nifedipine, a potent smaller coronary 
artery and arteriolar dilator with little large vessel 
effect, completely prevented the abnormal constric- 
tion expected to occur in response to cold pressor 
stress. 

Thus, the foregoing studies documented that 
the patient with a diseased coronary circulation 
may have some coronary beds that react in a 
different manner than the other beds to a common 
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daily life form of stress (e.g., cold pressor). Some 
diseased coronary vascular beds react to cold 
pressor stress with an abnormal increase in tone. 
The major component of this paradoxical response 
lies in the smaller coronary arteries and arterioles. 

Nabel and coworkers!‘ have recently examined 
the large coronary artery responses to cold pressor 
stress in more detail. They found that regions of 
large coronary arteries, with an endothelial surface 
that appeared smooth by angiography, dilated in 
response to cold pressor stress, but other regions 
with severe narrowings or irregular endothelial 
surfaces as demonstrated by angiography con- 
stricted. More recently, others showed that regions 
of large arteries demonstrating angiographic abnor- 
malities, attributed to a disordered endothelium, 
constricted following low-dose acetylcholine,' 
whereas, acetylcholine regularly dilated angiograph- 
ically normal-appearing regions of coronary arter- 
ies or regions of arteries without important surface 
irregularities attributed to a diseased endothelium. 
Nitroglycerin, on the other hand, dilated coronary 
arteries with and without endothelial surface irreg- 
ularities and reversed the acetylcholine-induced 
constriction. Thus, evidence for regional endothe- 
lial dysfunction localized to one area of a coronary 
artery was established in these patients. Vita et al'® 
suggested that this type of endothelial dysfunction 
leads to increased constriction of a coronary artery 
region in response to catecholamine administra- 
tion. Zeiher and coworkers!’ have described the 
large and small coronary artery vasomotor re- 
sponses to cold pressor stress, acetylcholine, and 
catecholamines in a large group of patients. They 
found that the dilation of normal-appearing and 
constriction of atherosclerotic coronary artery seg- 
ments with cold pressor stress mirrored the re- 
sponses observed to the endothelium-dependent 
vasodilator acetylcholine. Stenotic and irregular 
artery segments displaying evidence for endothe- 
lial dysfunction (e.g., constriction after low-dose 
acetylcholine) lost their normal dilator responses 
to cold pressor stress and constricted. Interest- 
ingly, B-adrenergic blockade with propranolol did 
not affect either the vasodilator or constrictor 
responses. 

Thus, all of these findings indicate that certain 
regions of the coronary artery react differently to a 
variety of stimuli common to daily life stimuli. The 
functional integrity of the coronary artery endothe- 
lium in a certain region seems to be a major 
determinant of the coronary vascular bed response 
to these different forms of stress. The response of 
the bed includes a localized coronary segment 


response and the response of the smaller coronary 
arteries and arterioles in a region. If this finding is 
shown in response to other pathophysiologic inter- 
ventions, regional endothelial dysfunction could 
determine the susceptibility to vasoconstrictor re- 
sponses resulting from other forms of daily life 
stress. If this proves to be true, the presence of 
daily life ischemia may prove to be a sensitive 
marker for coronary artery endothelial dysfunction 
and disordered coronary reactivity. Local coronary 
reactivity has been related to adverse outcome in 
patients with clinical syndromes of variant angina 
or unstable angina. Hence, disordered reactivity 
could provide the link between daily life ischemia 
present in many clinical coronary disorders and 
adverse outcome. If this theory is proven, therapy 
directed to endothelial dysfunction could prove 
useful not only to modify and prevent daily life 
ischemia, but also, perhaps, to modify adverse 
outcome. 


ANIMAL MODELS RELEVANT TO DAILY LIFE 
SILENT ISCHEMIA AND NITRATE EFFECTS 

Support for the theory that coronary endothe- 
lium is involved in the pathogenesis of abnormal 
coronary vasomotor responses to daily life isch- 
emia also comes from animal models. Uchida et 
al'®:!9 were among the first to describe cyclic 
coronary flow reductions after application of a 
partial constriction to a dog coronary artery. They 
proposed that coronary artery spasm at, and distal 
to, the constriction was the mechanism responsible 
for flow reduction, since nitroglycerin prevented 
flow reductions. Folts et al later found fibrin- 
platelet thrombi at the site of partial coronary 
obstruction in dogs and noted that the reversible 
flow reductions were prevented by aspirin pretreat- 
ment. Folts et al?! then tested topical applications 
of nitroglycerin (0.5 mg) over the stenotic area of 
the coronary artery and found no change in either 
the magnitude or frequency of the cyclic flow 
reductions, although a transient fall in blood pres- 
sure occurred. Recently, in closed-chest dogs per- 
mitted to range freely, a model analogous to daily 
life ischemia, cyclic flow changes were also found 
following application of a partial constriction.” 
Importantly, these flow changes could be pre- 
vented by thromboxane inhibitors. Most recently, 
similar cyclic flow reductions have been demon- 
strated in humans.” 

In consideration of the previous discussion, it is 
interesting to note that Uchida et al'*!° maintained 
that fibrin—platelet aggregates were not the only 
mechanisms responsible, since such aggregates 
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were found in partially constricted dog coronary 
arteries without cyclic flow reductions. The fact 
that cyclic flow reductions were prevented with 
nitroglycerin, a finding now recently confirmed by 
Folts and coworkers,” suggests that a more com- 
plex mechanism than simply platelet aggregation 
may be operative. Small amounts of nitroglycerin 
are now known to act on coronary vascular smooth 
muscle by conversion to nitric oxide (NO), the 
same compound as endothelium-derived relaxing 
factor (EDRF). Thus, it seems that endothelial 
damage, perhaps induced at the time of applica- 
tion of the coronary artery stenosis or caused by 
increased shear at the site of narrowing, may be 
responsible for both the platelet aggregation and 
constriction. In addition, platelet thrombus forma- 
tion may be inhibited by the organic nitrate.” 
Thus, addition of an exogenous source of NO could 
compensate for loss of endogenous NO, due to 
endothelial cell dysfunction, and act to both pre- 
vent smooth muscle activation and restore local 
antiplatelet aggregation. The fact that Folts et al?! 
did not observe prevention of the cyclic flow 
reductions with topical nitroglycerin, could be 
explained by the fact that delivery of NO to the 
vascular smooth muscle site of the constriction was 
not complete. Also, the decrease in blood pressure 
observed could have aggravated the degree of 
obstruction by causing the stenosis to collapse. 


coronary artery segments. 
that all proximal and distal left 
coronary artery dilate 
in response to very low dose (5 
ug) nitroglycerin. Asterisk indi- 
cates p <0.05 for differences be- 
tween groups. T-bars represent 
standard error of the mean. (Re- 
produced from Coronary Artery 
Disease.”*) 


Area (mm2) 


Left Main 


EFFECTS OF NITRATES ON SILENT ISCHEMIA 
Before reviewing the human silent ischemia 
data relative to nitrates, it is important to note that, 
in addition to well-known effects acting to reduce 
determinates of myocardial oxygen demand, there 
are now ample data showing that nitrates improve 
myocardial oxygen supply (see also article by 
Abrams, this symposium). The first convincing data 
supporting improved blood supply came from data 
showing improved collateral blood flow.*7° More 
recent work has focused on the direct vascular 
action of organic nitrates on patent atherosclerotic 
arteries. We and others have demonstrated that 
hemodynamically important coronary vasodilation 
occurs in response to nitroglycerin.?’** This re- 
sponse is seen whether nitroglycerin is adminis- 
tered systemically or directly in small intracoronary 
doses. In fact, in a recent study of ours, extremely 
small doses (5 wg) caused important coronary 
vasodilation? (Figure 1). We have also demon- 
strated that nitroglycerin reverses asymptomatic 
global and regional left ventricular hemodynamic 
dysfunction seen in patients with coronary artery 
disease.” In this study, patients with important 
coronary artery stenoses who had left ventricular 
dyskinesia and no symptoms were given a bolus of 
intravenous nitroglycerin. Patients who responded 
to intravenous nitroglycerin with an increase in 
wall motion, in a previously dyskinetic region, were 
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in general those who had severe obstruction in an 
artery supplying that region. This association sug- 
gests that silent ischemia, severe enough to result 
in left ventricular wall motion abnormalities, may 
be relieved by intravenous nitroglycerin. Thus, 
there are ample experimental data to suggest that 
nitroglycerin should be effective in preventing daily 
life ischemia, in addition to its well-known effect in 
exercise-induced angina. 


DAILY LIFE ISCHEMIA AND RESPONSE TO 
NITRATES: SUBLINGUAL, ORAL, AND 
INTRAVENOUS PREPARATIONS 

In 1977, we showed in a controlled study design, 
that asymptomatic and symptomatic episodes of 
ischemia detected by transient ST-segment depres- 
sion recorded during daily life were significantly 
reduced or prevented by sublingual nitroglycerin.’ 
The results are summarized in Figure 2 for nitro- 
glycerin given every hour sublingually to patients 
with chronic stable angina compared with placebo 
and adjacent monitoring periods when neither 
nitroglycerin or placebo was used. Isosorbide dini- 
trate infusions (1.25-5.0 mg/hr) were used by 
Distante et al? in 12 patients with vasospastic rest 
angina using a double-crossover design. On contin- 
uous ECG monitoring, 2 patients had ST-segment 
depression, 4 had ST-segment elevation, and 6 had 
either elevation or depression at different times. 
Again, both asymptomatic and symptomatic epi- 
sodes decreased during isosorbide dinitrate infu- 
sion compared with placebo. Quyyumi et al?! stud- 
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ied the effects of oral isosorbide mononitrate (40 
mg twice daily) on daytime and nocturnal episodes 
of ST-segment depression in a double-blind, ran- 
domized study of 9 patients with resting nocturnal 
and exertional angina. The nitrate was effective in 
reducing both the frequency and duration of isch- 
emia during daily living recorded both at daytime 
and nighttime. These workers also compared the 
effect of the nitrate versus that of a calcium 
antagonist, nifedipine (20 mg 3 times daily) and 
atenolol (100 mg/24 hr) and found the nitrate 
response to be approximately the same as that seen 
with these other agents on total number and 
duration of ischemic ST-segment changes. Here, 
however, only 1 dose was used and this limits any 
conclusion about the comparative effect of these 
agents on daily life ischemia. Sustained-release 
oral isosorbide 5-mononitrate was used by Von 
Arnim and Erath* in 15 patients with stable angina 
syndromes who had coronary artery disease and 
silent ischemia. The nitrate decreased the total 
number of silent ischemia episodes by 67%. Sus- ` 
tained-release isosorbide 5-mononitrate was also 
used by Feng and associates? in 28 postmyocardial 
infarction patients. They found an 88% decrease in 
the frequency of silent ischemia and a 94% de- 
crease in the duration of silent ischemia. 


TRANSDERMAL NITROGLYCERIN 

Although transdermal nitroglycerin is one of the 
most widely used nitrate forms and its effects on 
exercise induced angina are well documented, 
there has been limited investigation on the effects 
of transdermal nitroglycerin on daily life silent 
ischemia. The published literature consists of only 
24 patients in open studies and 86 in placebo 
controlled studies. The pertinent results are sum- 
marized in Table I and discussed in detail below. 

Shell and Swan*4 examined the response of 
open-label transdermal nitroglycerin on daily life 
ischemia recorded by ambulatory ECG monitor- 
ing. In 8 patients with chronic stable angina, taking 
B blockers and sublingual nitroglycerin, a titrated 
dose of transdermal nitroglycerin was initiated at 5 
mg/24 hr and increased in 5 mg/24 hr increments 
until symptoms were abolished (mean dose 10.4 
mg/24 hr; range 5-20 mg/24 hr). The nitrate 
decreased total ischemia frequency (from 5.3 to 0.8 
episodes/24 hr; p < 0.025) as well as duration (95.8 
min/24 hr to 17 min/24 hr, p <0.05). They noted 
that 80% of these ischemic episodes were silent. 
The minimum interval between starting transder- 


mal nitroglycerin and the ambulatory ECG record- 
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Frequency 
(no./day) 






Reference No. Design 












Shell and Swan*4 1986 8 Open 

Levin 1988 8 Open 59* 

Schneeweiss and Marmor?” 1988 8 Open 74* 

Nabel et al?® 1989 14 R, DB, PC 30* (C) 
16f (I) 

Fox et al3? 1991 52 R, DB, PC None (C) 
None (1) 

Shell and Dobson*° 1990 20 R, DB, PC 47* 





DB = do 
*p < 0.05. 
tp NS. 


ing was 2 weeks, so the authors thought that any 
possible tolerance would have occurred by the time 
the recordings were done. 

A similar report was made by Levin et al.” A 
group of 26 patients with coronary artery disease 
entered a nonrandomized study, but only 8 pa- 
tients completed the study and received 2 weeks of 
treatment at 10 mg/24 hr. Initially, they reported a 
nonsignificant reduction in number and duration 
of ischemic episodes recorded continuously for 14 
days with a new digital ECG monitor.» They 
commented on the marked individual differences 
in responses that were observed, which ranged 
from a 2-fold increase in the number of ischemic 
episodes in one patient to complete cessation of 
ischemia in another. In a follow-up report*® the 
data were reanalyzed, using a 2-way analysis of 
variance with repeated measures (Levin RI: Per- 
sonal communication) and found to reach statisti- 
cal significance. The nitroglycerin reduced the 
number of episodes from 10.5 to 3.6 episodes in 
week 1 and from 9.4 to 4.5 episodes in week 2, for a 
59% reduction overall (p <0.001). The total dura- 
tion of ischemia was reduced from 16.7 to 5.9 
min/24 hr in week 1 and from 14.2 to 6.4 min/24 hr 
in week 2, for a 60% overall reduction (p <0.001). 
More importantly, they found that comparison of 
the results within each treatment group showed no 
significant differences between weeks 1 and 2 for 
treatment effect, suggesting that there was no 
attenuation of effect. 

Schneeweiss and Marmor?” studied 8 men with 
silent ischemia who also had effort angina and 
> 2.0 mm ST-segment depression on exercise test- 
ing. All were treated with nifedipine and 6 were 
also taking B blockers. The addition of an open- 
label transdermal nitroglycerin patch (20-30 mg/24 
hr) reduced the frequency (from 9.3 to 2.4 epi- 
sodes/24 hr; p <0.001) and magnitude (from 3.1 to 
0.9 mm ST-segment depression; p <0.001) of daily 
life silent ischemic episodes. Ischemia-related ven- 


TABLE I Summary of Studies Using Transdermal Nitroglycerin for Daily Life Ischemia 


Reduction of Ischemia (%) 





sacle PC = placebo-controlled; C = continuous 24-hour dosing; | = intermittent dosing; R = randomized. 
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82* B blockers 14 days 

60* B blockers 10 14 days 

= Nifedipine, B blockers 30 lhr 
39t (C) Withdrawn 52 1 and 2 days 
46t (I) 
None (C) Withdrawn 10/day (C) 14 days 
None (1) 18/16 hr (l) 

57* Withdrawn 15 14 days 










tricular premature beats were also significantly 
reduced (from 243 to 121/24 hr, p <0.05). Unfor- 
tunately, open-label studies such as those reviewed 
above>+7 provide very limited information and will 
require confirmation by placebo-controlled, double- 
blind trials. 

Recently Nabel and her colleagues’? investi- 
gated the anti-ischemic effects of continuous and 
intermittent doses of transdermal nitroglycerin in 
14 patients with chronic stable angina pectoris. A 
double-blind, placebo-controlled, double-cross- 
over design was used. Their purpose was to define 
further the effects of dosing intervals on the devel- 
opment of tolerance to the anti-ischemic effects of 
high dose transdermal nitroglycerin. All patients 
demonstrated an initial hemodynamic responsive- 
ness to sublingual nitroglycerin (>10 mm Hg 
decrease in diastolic blood pressure) and were 
then titrated to a maximally tolerated dose of 
30-60 mg/24 hr (mean 52 + 5 mg). After titration, 
antianginal medications were withdrawn, and after 
48-72 hr the patients entered 1 of 2 crossover 
treatment phases. During a continuous treatment 
phase patches containing either placebo or nitroglyc- 
erin were worn for 24 hours, and during an intermit- 
tent treatment phase patches were worn for 12 hours 
followed by a 12 hour patch-free interval. After 
measurements were made, patients took placebo 
for 96 hours and crossed over to the alternate 
phase. A significant (p <0.05) reduction in fre- 
quency of ischemic episodes (from 5.9 to 4.1 
episodes/24 hr) was observed, comparing placebo 
and nitroglycerin during the continuous treatment 
phase. The reduction in duration of ischemia (from 
6.1 to 3.7 min/24 hr) on continuous therapy was 
not significant. The results are summarized in 
Figure 3. Nonsignificant reductions in both fre- 
quency (from 5.5 to 4.6 episodes/24 hr) and dura- 
tion (from 8.5 to 4.6 min/24 hr) of ischemic 
episodes occurred during the intermittent therapy 
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phase. Reductions in both frequency (5.9 to 3.2 
episodes/24 hr; p <0.005) and duration (from 6.1 
to 3.0 min/24 hr; difference not significant) of 
ischemia were present on day 1 of continuous 
therapy but the frequency (4.9 vs 5.9) of ischemic 
episodes returned toward placebo levels by day 2, 
suggesting development of partial tolerance. Inter- 
mittent therapy did not appear to prevent the 
development of tolerance, however, as the small 
reduction seen in the number of ischemic episodes 
on day 1 was not sustained on day 2. Nabel et al°8 
concluded that high doses of transdermal nitroglyc- 
erin were beneficial for ischemia, but the major 
anti-ischemic effect was lost between 24 and 48 
hours after initiation of either continuous or inter- 
mittent therapy. 

Although well controlled, the limitations to this 
important study were numerous. All antianginal 
agents were withdrawn, so some of the ischemic 
episodes may represent the “rebound” ischemia 
seen when patients who are accustomed to doing 
more work on active antianginal therapy are 
abruptly removed from therapy. This could have a 
different pathophysiologic mechanism from that of 
daily life ischemia. Secondly, only high doses of 
transdermal nitroglycerin were used. Thirdly, only 
48 hours of treatment were studied. Fourthly, no 
exercise testing or repeated blood pressure testing 
was done to determine if tolerance also developed 
to exercise ischemia or to the vasodepression 
response. Finally, no information was given about 
ischemia recurring during the nitrate-free inter- 
vals. 

Recently Fox et al studied 52 patients with 
chronic stable angina and positive exercise tests to 
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Day 1 


receive either continuous or intermittent (16 hr/24 
hr) treatment with transdermal nitroglycerin. Treat- 
ment was individually dose titrated (10 mg/24 hr) 
with continuous dosing and 18.2 mg/16 hr with 
intermittent dosing to achieve an arbitrary 10-mm 
Hg decline in systolic blood pressure; treatment 
was continued for 14 days. These investigators 
found that after 14 days of intermittent dosing, the 
10-mm Hg blood pressure decline was still ob- 
served, time to 1.0-mm ST-segment depression 
increased, heart rate increased by 11.9 beats/min, 
and time to onset of angina increased by 59 sec 
during treadmill exercise. But the frequency of 
ischemic episodes and their circadian distribution 
during daily life was not changed. With continuous 
dosing no changes in blood pressure or exercise 
test parameters were observed after 14 days of 
treatment and no effect was observed on daily life 
ischemia. Perhaps the short (8 hr) nitrate-free 
interval influenced the magnitude of the nitrate 
effect during intermittent dosing. 

Clearly, more investigation of intermittent ni- 
trate therapy is needed, with the lower, more 
customarily used doses and different nitrate-free 
intervals. Studies of larger groups of patients with 
documented coronary artery disease of a longer 
duration are needed. Either “antianginal drug 
naive” patients should be used or the nitrate 
Should be added to the patients current drug 
regimen. This would avoid concern for studying 
previously stable patients who have their therapy 
suddenly withdrawn, where the induced ischemia 
may be somewhat different from ordinary daily life 
ischemia. Finally, information about the possibility 


Duration (min)/Day 


FIGURE 3. Development of toler- 
ance with intermittent (solid bars) 


intermittent doses on day 1 but 
by day 2 this decrease is not 
maintained. Similar trends are 
noted for duration of ischemia 
(right). (Adapted from data in Am 
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of silent ischemia recurring in the nitrate-free 
interval is needed. 

A dissociation between exercise tolerance, mea- 
sured in the treadmill laboratory, and daily life 
myocardial ischemia, measured by ambulatory ECG 
monitoring, has recently been suggested by Shell 
and Dobson.* Laboratory exercise tests using the 
Ellestad protocol and daily life ambulatory monitor- 
ing were studied in a double-blind, placebo- 
controlled, double-dummy crossover design. The 
goal was an investigation of the anti-ischemic 
responses to nifedipine and transdermal nitroglyc- 
erin used as monotherapy in these 2 different 
settings (exercise laboratory and daily life). All 20 
patients had chronic stable angina with both symp- 
tomatic and silent ischemic episodes. All patients 
had at least 3 episodes of angina/week and at least 
3 episodes of ischemia/24 hr. The protocol in- 
cluded 2 weeks of placebo followed by 2 weeks of 
one of the active drugs (either transdermal nitro- 
glycerin 15 mg/24 hr or nifedipine 10 mg 3 times 
daily). The patients then crossed over for 2 weeks 
of placebo followed by the other active drug for 2 
weeks. At the end of each 2-week period, ambula- 
tory monitoring and exercise treadmill testing were 
done. Ambulatory monitoring records were read 
“blind.” Shell and Dobson*® found that during 
transdermal nitroglycerin treatment, duration of 
ischemia decreased by 57% (from 140 to 60 min/24 
hr, p = 0.0054). Total exercise time, defined as 
time to either moderate angina or equivalent 
symptoms with at least 1.0-mm ST-segment depres- 
sion before reaching 85% of predicted normal 
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FIGURE 4. Comparison of the changes observed in total 
ischemic time from ambulatory ECG monitoring (left) and 
exercise time (right) with transdermal cerin (black 
bars, TTS-NTG) and nifedipine (white bars). (Reproduced 
from Am J Cardiol.) 


heart rate, tended to increase but only by 5.5% 
(from 4.8 to 5.0 min; p = 0.16). During nifedipine 
treatment, duration of ischemia decreased by only 
22% (from 175 to 137 min/24 hr; p = 0.16) and this 
was not statistically significant. Total exercise time, 
however, increased by 13% (from 4.5 to 5.0 min; 
p = 0.0264). These results are summarized in Ta- 
ble I and Figure 4. Thus, nifedipine increased 
exercise time without significantly altering the 
duration of daily life ischemia, whereas transder- 


ISCHEMIC ST SEGMENT DEPRESSION 


FIGURE 5. Solid-state digital mon- 
itor alarm (“tone on”) is used to 


electrocardiographic chang 
during daily life (right). As ex- 
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mal nitroglycerin decreased the total duration of 
daily life ischemia without a significant increase in 
exercise time. The authors concluded that changes 
in exercise time in the laboratory do not necessarily 
predict changes in total ischemic time during daily 
life. They implied that this was probably because 
different mechanisms operate to different degrees 
during these different forms of ischemia. 


NITRATE ADMINISTRATION WHEN DAILY LIFE 
SILENT ISCHEMIA IS DETECTED 

Sublingual, oral and intravenous prepara- 
tions: Barry and colleagues*! examined a novel 
application of nitroglycerin therapy in patients 
with daily life silent ischemia. Five patients with 
chronic stable angina, exercise induced ischemia, 
and angiographically documented coronary artery 
disease were instructed to take nitroglycerin sublin- 
gually when a digital 24-hour ECG monitor de- 
tected ischemic-type ST-segment depression and 
sounded an audible tone. The patients were also 
instructed to use nitroglycerin as needed for angina 
episodes. Days when the tone was audible were 
associated with a significant decrease in the dura- 
tion of daily life ischemia compared with days when 
the tone was not audible (from 105 to 58 min/24 hr, 
p = 0.02). The frequency of ischemia was not 
significantly different, comparing days when the 
tone was audible (15 episodes/24 hr) with those 
when the tone was not audible (12 episodes, 
difference not significant; see Figure 5). 

Thus, monitor-directed nitroglycerin self-admin- 
istration has the potential to shorten the duration 
of ischemia and perhaps limit this potentially 
damaging but elusive characteristic of coronary 
artery disease. Therapy directed at relief of symp- 
toms alone would not otherwise be expected to 
decrease the duration of this asymptomatic daily 
life ischemia. The actual benefit of such an admin- 
istration of nitroglycerin will have to await study in 
a large clinical trial. 


CONCLUSION 

Daily life ischemia seems to result from an 
increase in myocardial oxygen demand as well as a 
decline or limitation of myocardial oxygen supply. 
The mechanism responsible for this supply side 
problem seems related to coronary artery reactivity 
which at times is paradoxical to the expected 
response. The limited data reviewed above indi- 
cate that nitrates, in all forms, appear to be 
effective for prevention or reduction of daily life 
silent and symptomatic ischemia. The basis for 
their effects probably relates to both a reduction in 


myocardial oxygen demand and an increase in 
supply. The latter has received recent attention, in 
terms of direct nitrate effects, at the coronary 
artery level. This relates to the recent recognition 
that the NO that is responsible for this nitrate 
activity is closely related to, if not the same factor, 
present in EDRF. 

The number of clinical studies summarized 
above using nitrates for daily life ischemia is clearly 
limited. An effect showing reduction in silent 
ischemia has been documented with controlled 
trials using sublingual nitroglycerin, isosorbide dini- 
trate in both oral and intravenous forms, and 
transdermal nitroglycerin. Clearly, more data are 
needed to evaluate further the possibility of partial 
tolerance to the anti-ischemic effects, particularly 
when any nitrate preparation is used in a continu- 
ous release or long-acting form. A number of 
studies have now documented that tolerance to the 
anti-ischemic action seen during exercise testing 
may be prevented or limited when nitrate-free 
intervals and eccentric dosing intervals are used. 
However, information relative to daily life isch- 
emia and intermittent dosing is limited to only 2 
studies.*8? Also, more information is needed about 
optimum dose. The low-dose transdermal 
studies?+374 suggest lack of tolerance with dosing, 
but the one high-dose study*® suggested tolerance 
even with intermittent dosing. Clearly, these very 
safe and useful anti-ischemic compounds deserve 
further investigation. 
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Role of Nitrates in Unstable Angina Pectoris 


John D. Horowitz 


Unstable angina pectoris is a clinically heteroge- 
neous process with patient symptoms varying 
between reduced threshold for exertional angina 
and the occurrence of multiple episodes of rest 
pain. The major factors in the pathogenesis of 
unstable angina appear to be intracoronary 
platelet aggregation and thrombus formation 
secondary to fissuring or rupture of atheroma- 
tous plaques, with associated coronary vasocon- 
striction due to release of constrictor materials 
from aggregating platelets and deficiency of en- 
dothelium-related vasodilator activity. The latter 
factor is of particular interest in view of the simi- 
lar biochemical mechanisms of action of nitro- 
glycerin (NTG) and endothelium-derived relaxing 
factor (EDRF). The efficacy of NTG in limiting 
platelet aggregation is also of particular interest 
in this condition. Medical therapy in patients with 
unstable angina usually requires use of multiple 
agents. In the short term, there is a strong case 
for the use of intravenous heparin both to relieve 
pain and to reduce the risk of acute myocardial 
infarction. Aspirin is perhaps less effective in the 
short term, but very useful in long-term treatment 
of such patients. Despite their widespread clini- 
cal use, B-adrenoceptor antagonists are probably 
only marginally beneficial, whereas dihydropyri- 
dine calcium antagonists such as nifedipine are 
potentially harmful as monotherapy and of ques- 
tionable use in combination with other drugs. 
Other agents that are effective in relieving is- 
chemic symptoms are the nondihydropyridine 
calcium antagonists verapamil and diltiazem and 
the oxygen-sparing agent perhexiline maleate. 
Despite a paucity of controlled trial data, ni- 
trates are used in the vast majority of patients 
with unstable angina. In patients with severe 
symptoms, intravenous infusion is preferable, 
and because of the need for 24-hour prevention 


From the Cardiology Unit, The Queen Elizabeth Hospital, Univer- 
sity of Adelaide, Woodville, Australia. Supported in part by grants 
from the National Health and Medical Research Council of 
Australia. 

Address for reprints: John D. Horowitz, Cardiology Unit, The 
Queen Elizabeth Hospital, University of Adelaide, Woodville, SA 
5011, Australia. 


of ischemia, the development of nitrate tolerance 
is a major risk that cannot be reduced by inter- 
mittent nitrate administration. There is strong 
evidence that infusion of NTG at rates >40 ug/ 
min induces the development of extensive hemo- 
dynamic tolerance, affecting both the systemic 
and coronary circulations, in most patients. NTG 
infusion rates should therefore be kept as low as 
possible in such patients. An alternative ap- 
proach is the combined infusion of NTG and N- 
acetyicysteine (NAC) in patients with “high risk” 
unstable angina. This combination may augment 
the antiaggregatory effects of NTG and prevent 
nitrate tolerance. In a controlled clinical trial, in- 
cidence of acute myocardial infarction was signif- 
icantly lower with NTG/NAC than with NTG alone. 
Continuous rather than intermittent administra- 
tion of NAC is preferable to avoid development of 
symptomatic hypotension. 

(Am J Cardiol 1992;70:648—71B) 


r he role of nitrate therapy in unstable angina 
pectoris must be examined in relation to 
somewhat heterogeneous manifestations of 

a disease process the nature of which remains 
incompletely understood at present. Current defi- 
nitions of unstable angina pectoris! encompass a 
range of clinical syndromes extending from acceler- 
ation of preexistent exertional angina to the occur- 
rence of recurrent prolonged episodes of ischemic 
pain at rest. The implications of prior myocardial 
infarction and of progression in the severity of 
symptoms also complicate categorization of individ- 
ual patients.? 

Because of this heterogeneity, results of uncon- 
trolled studies of patients with unstable angina 
pectoris are particularly difficult to interpret. Vari- 
ous investigations of natural history have, however, 
succeeded in partially characterizing subgroups of 
patients both at relatively low’ and at high** risk 
for the occurrence of acute myocardial infarction 
against a background of unstable angina pectoris. 
Persistent occurrence of chest pain at rest, associ- 
ated marked ST-segment depression on electroen- 
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cephalography and development of transient hemo- 
dynamic abnormalities associated with ischemia 
are all markers of increased risk.** 


UNSTABLE ANGINA PECTORIS: PATHOGENESIS 
AND CLINICAL PRESENTATION 

Recent investigations have delineated the piv- 
otal role of coronary thrombosis in the pathogene- 
sis of unstable angina pectoris.’"!? Evidence in 
favor of the occurrence of intracoronary thrombi 
has been obtained both via results of coronary 
angioscopy’ and coronary angiography.’ Further, 
evidence of platelet activation as an antecedent of 
coronary thrombosis may be obtained via studies 
demonstrating increased generation of thrombox- 
ane in patients with unstable angina.!®!! Utilizing 
the optimal form of investigation, involving specific 
examination of transcoronary thromboxane concen- 
tration gradients in patients with ischemic heart 
disease, Hirsh et al'! demonstrated significant 
elevation of thromboxane A; in the coronary sinus 
only in patients in whom spontaneous ischemic 
pain had occurred in the preceding 24 hours. 

Less information is available regarding the na- 
ture of events initiating coronary thrombosis in such 
patients. However, pathologic studies suggest that 
fissuring or rupture of atheromatous plaques ini- 
tiates the process of platelet aggregation via expo- 
sure of circulating blood to proaggregatory materi- 
als, such as collagen and fatty acids.8!? Similarly, 
clinical evidence supports a relation between 
“complex” coronary stenosis morphology—de- 
fined on the basis of irregularity and/or ulceration 
of the relevant stenosis—and unfavorable clinical 
course in patients with unstable angina pectoris.” 

If it is assumed that the major events initiating 
the clinical presentation of unstable angina pecto- 
ris are plaque fissuring or rupture, followed by 
_platelet aggregation leading to thrombus forma- 
tion, therapeutic interventions in this condition 
should be directed toward limiting and reversing 
this process, with the particular objective of prevent- 
ing thrombus progression to the stage of total 
coronary occlusion and associated development of 
infarction. However, it is likely that other factors 
are also involved. First, platelets from patients with 
previous myocardial infarction are hyperaggrega- 
ble in response to adenosine diphosphate (ADP), 
raising the possibility that a primary abnormality of 
platelet function may play a more important role.’ 

Further, the issue of potential reactivity of the 
coronary vasculature to the effects of both constric- 
tor and dilator agents remains of fundamental 
significance. It is possible that in some cases the 


initiating event in patients with unstable angina 
pectoris and also myocardial infarction'* is coro- 
nary vasospasm associated with abnormalities of 
coronary endothelial function; demonstrations of 
abnormal constrictor reactivity of coronary arteries 
to adjacent atheromatous plaques’ provide some 
support for this concept, which would possibly 
invoke thrombus formation as a “secondary” event. 
Many of the intervention studies carried out during 
the period 1975-1980 in patients with unstable 
angina pectoris were significantly influenced by the 
potentially “primary” role of coronary vasospasm. 

On the other hand, it seems more likely that in 
the majority of cases, changes in coronary vasomo- 
tor tone must be viewed as being largely secondary 
to platelet aggregation and incipient thrombus 
formation. This in no way diminishes the potential 
role of disordered endothelial function as a modu- 
lating factor in patients with unstable angina pecto- 
ris. Furthermore, there is considerable evidence 
that production of endothelium-derived relaxing 
factor (EDRF) is diminished in association with 
coronary atherogenesis.'*!’ This is of particular 
interest in view of the identification of EDRF as 
either free nitric oxide radical (NO7) or a chemi- 
cally bound form of NO, such as an S-nitro- 
sothiol,!®!9 thus establishing a close link between 
EDRF and the bioconversion products of nitroglyc- 
erin (NTG) and other nitrovasodilators.”?7! 

It is also possible that reduced availability of 
EDRF in patients with unstable angina pectoris 
may increase susceptibility of coronary vascular 
smooth muscle not only to the constrictor effects of 
thromboxane A, or 5-hydroxytryptamine (seroto- 
nin) released from aggregating platelets, but also 
to those of endothelin, a vasoconstrictor peptide 
that is synthesized by endothelial cells in response 
to exposure to thrombin. There is some evidence to 
suggest that NO may both inhibit the release of 
endothelin? and reverse endothelin-induced vas- 
constriction.” 

Current evidence therefore favors the existence 
of multiple and interdependent factors affecting 
the process of intracoronary thrombus formation 
in patients with unstable angina pectoris (Figure 
1). The potential for complex interactions between 
endothelium, coronary vasculature, and aggregat- 
ing platelets” suggests that many forms of therapeu- 
tic intervention may be beneficial, but that an 
optimal approach to the management of this condi- 
tion may involve inhibition of several steps in the 
process of thrombus formation. 
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INTERVENTION STUDIES IN UNSTABLE ANGINA 
PECTORIS: CONSIDERATIONS OF TRIAL 
DESIGN AND ENDPOINTS 

Given the heterogeneous nature of patients 
with unstable angina pectoris, appropriate end- 
points and optimal sample size for trial design will 
depend greatly on the precise criteria for admis- 
sion to the study. For example, selection of patients 
at relatively high risk for the occurrence of infarc- 
tion will facilitate use of the incidence of infarction 
as an endpoint, but this is likely to be complicated 
by the need for early intervention with coronary 
angioplasty or surgery in a large proportion of 
these patients. 

Possible endpoints (summarized in Table I) also 
include examination of thrombus morphology in 
the affected coronary artery as well as assessment 
of the extent and consequences of resultant myocar- 
dial ischemia. Since there is now considerable 
evidence demonstrating the occurrence of silent 
myocardial ischemia in this group of patients, the 
issue arises whether determination of total fre- 
quency of ischemia may permit more accurate 
prediction of the risk of infarction. However, it 
appears from a recent study% that detection of 
asymptomatic ischemia is a relatively poor predic- 
tor of serious cardiac events in this group of 
patients. This is controversial, as other data suggest 
that persisting or protracted silent ischemia is an 
adverse prognostic factor. 

On the other hand, studies requiring a mortality 
endpoint in patients presenting with unstable symp- 
toms are also problematic, not only by a high 
frequency of intervention (with a consequent bias 
toward inclusion of low-risk patients), but also by 
the need to enroll very large numbers of patients. 
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FIGURE 1. Algorithm of the factors likely to influence 
thrombus 


lium-derived relaxing factor; 5-HT = serotonin; TxA, = 
thromboxane A}. 


TABLE I Possible Endpoints in Studies Involving Patients with 
Unstable Angina Pectoris 


e Resolution of intracoronary thrombosis 

@ Prevention of total ischemia—symptomatic and asymptomatic 
@ Prevention of symptomatic ischemia 

èe Prevention of acute myocardial infarction 

@ Prevention of mortality 





In many of the larger relevant studies, combined 
endpoints (e.g., recurrent ischemia/infarction; in- 
farction/death) have been utilized to limit this 
problem. 


CLINICAL EFFICACY OF PHARMACOTHERAPY IN 
UNSTABLE ANGINA PECTORIS 

Studies involving drug therapy in patients with 
unstable angina may be classified as short-term 
(generally involving enrollment of patients with 
severe and frequent symptoms, often awaiting 
interventions) or long-term (generally involving 
patients whose initial symptoms have settled dur- 
ing initial hospitalization). 

Studies involving agents that limit thrombus 
formation or progression have fallen into both 
categories (Table II). Among patients with severe 
ischemic symptoms, the use of continuous intrave- 
nous infusion of heparin has been associated with 
both relief of chest pain and reduction in the 
incidence of acute myocardial infarction.*° In this 
setting, heparin appeared to be more effective than 
aspirin,”°’ intermittently administered heparin,”’ 
alteplase,”’ or atenolol.” On the other hand, aspi- 
rin alone significantly reduced the incidence of 
acute myocardial infarction, whereas the combina- 
tion of heparin and aspirin appeared to confer no 
incremental therapeutic effect.2° Most physicians 
use aspirin both acutely and long-term, as well as 
heparin in the early hospital setting. 

On the other hand, 2 well-designed large long- 
term studies” have demonstrated efficacy of 
aspirin therapy in reducing incidence of acute 
myocardial infarction and cardiac death. Similar 
effects were observed with ticlopidine,*! another 
inhibitor of platelet aggregation. Although all of 
these studies involved patients with a low incidence 
of ongoing anginal symptoms requiring angioplasty 
or coronary surgery, their results establish clearly a 
valuable therapeutic role for inhibitors of platelet 
aggregation when medical management of such 
patients is undertaken (Table II). 

A number of short-term studies”? have exam- 
ined the effects of various B-adrenoceptor antago- 
nists in patients with severe unstable angina pecto- 
ris. These tend to suggest that, despite the 
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TABLE II Some Short- and Long-Term Placebo-Controlled Intervention Studies in Patients with Unstable Angina Pectoris, Involving 
Drugs Other Than Nitrates 


Duration of 
Study (mean) 


Drugs 


Reference Examined 


Nifedipine 
Metoprolol 


Verapamil 
Propranolol 


Aspirin 
Heparin 


Heparin 
Atenolol 
Aspirin 


7 days 
12 weeks 
6 months 


Ticlopidine 


Aspirin 18 months 


Sulfinpyrazone 





widespread clinical use of these agents, B-adreno- 
ceptor antagonists are relatively ineffective. The 
most extensive investigation to date involved the 
use of metoprolol (and nifedipine) in the Holland 
Interuniversity Nifedipine/Metoprolol Trial 
(HINT),~* the results of which suggest a possible 
beneficial effect for metoprolol regarding the end- 
point of recurrent ischemia/infarction. However, 
this trend did not reach statistical significance. 

The HINT study? is also the most extensive 
investigation to date of the effects of the dihydropy- 
ridine calcium antagonist nifedipine in patients 
with unstable angina pectoris. The results of this 
study raise major concerns about the use of nife- 
dipine as a primary mode of therapy in this group 
of patients in view of a strong trend toward an 
increased risk of recurrent ischemia. 

A meta-analysis of the effects of various treat- 
ments on risk of progression of unstable angina to 
acute myocardial infarction?’ suggested that over- 
all calcium antagonists reduce risk insignificantly 
(95% confidence limits for change, +32% to —30%) 
and B-adrenoceptor antagonists reduce risk by 
approximately 13%, compared with 40-44% reduc- 
tions for aspirin and heparin, respectively. How- 
ever, such comparisons are hazardous for 2 major 
reasons. First, the majority of the patients in 
studies involving use of aspirin, rather than those 
treated with other agents, were followed in the 
long term. Further, analysis of studies involving 
calcium antagonists should take into consideration 


Major 


Endpoints Results 


. Nifedipine monotherapy pos- 
sibly harmful 
. Metoprolol possibly 
beneficial 
. Nifedipine beneficial with 
long-standing B-blocker 
therapy 
Verapamil more effective than 
propranolol 
Propranolol similar to placebo 
Heparin most effective in 
relieving angina 
2. Both aspirin and heparin 
prevented infarction 
Infarction 1. Heparin prevented infarction 
2. Atenolol ineffective 
Approximately 50% reduction in 
both endpoints 


Both reduced 40—50% 


Recurrent ischemia 
Infarction 


Anginal frequency 


Refractory angina l. 
Infarction 


Infarction 

Death 

Vascular mortality 

Acute myocardial infarction 
Infarction 

Death 


Aspirin effective 
Sulfinpyrazone 
ineffective 


the major differences in effects between the dihy- 
dropyridines (such as nifedipine) and agents re- 
lated to the nondihydropyridine agents such as 
verapamil and diltiazem. To date, the only studies 
carried out involving such agents in patients with 
severe unstable angina pectoris have been rela- 
tively small**+ but have suggested clinical efficacy 
with regard to the endpoint of suppression of 
ischemic symptoms. It appears that verapamil, 
diltiazem, and related drugs may be less prone than 
nifedipine to induce aggravation of ischemia*®; the 
favorable results of recent investigations involving 
the role of verapamil?” and diltiazem’! in secondary 
prevention after uncomplicated myocardial infarc- 
tion raises the possibility that beneficial effects on 
prognosis may extend to patients with unstable 
angina pectoris. In the interim, the frequent utiliza- 
tion of verapamil and diltiazem in patients with 
unstable angina is supported primarily by their 
greater efficacy on progression of symptoms than 
that of adrenoceptor antagonists.” Combination 
therapy with a B blocker and calcium antagonist is 
common in this setting. 

A further potential approach to the manage- 
ment of this group of patients is the utilization of 
agents that reduce myocardial oxygen consumption 
without exerting negative inotropic effects or caus- 
ing significiant coronary vasomotor effects. Perhex- 
iline maleate, one such agent, may be utilized 
successfully in patients with unstable angina,*?*” 
but, because of unfavorable absorption pharmaco- 
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TABLE Ill Potentially Important Issues Regarding Utilization of 
Nitrates in Patients with Unstable Angina Pectoris 


Mechanism of effect 
Effects on flow through critically stenosed arteries 
Potential for induction of coronary steal 
Effects of platelet aggregation and disaggregation 
Necessity for 24-hour effect 
Prevention (and detection) of tolerance 
Prevention of “rebound” on withdrawal 


Route of administration 
Intravenous vs. oral/topical 
Appropriate dosage to minimize adverse effects 
Potential interactions 
Heparin (with high dose intravenous nitroglycerin) 
Calcium antagonists 


Titration of dosage—basis 


kinetics, it tends to be relatively ineffective for the 
first 1-2 days of therapy. 


NITRATE UTILIZATION IN UNSTABLE ANGINA: 
FUNDAMENTAL ISSUES AND CLINICAL DATA 

Although administration of nitrates to patients 
with angina has been part of routine clinical 
practice for many years, virtually no controlled 
clinical trials have been carried out involving such 
therapy. One of the major difficulties in performing 
such studies would be withholding acutely adminis- 
tered nitrates for relief of episodes of ischemia. 
Further, the common utilization of multiple modes 
of therapy causes difficulty in analysis of results, 
particularly in view of potential interactions be- 
tween nitrates and calcium antagonists*! or hepa- 
rin.* 

Nitrate therapy in unstable angina should theo- 
retically provide 24-hour prophylaxis against isch- 
emia and reduce the risk of acute myocardial 
infarction. A number of potentially important is- 
sues arise, however (Table III). Of particular 
concern is the risk of nitrate tolerance, which 
increases with both duration of therapy and serum 
nitrate concentration.* Further, since patients with 
unstable angina may be at particular risk for severe 
aggravation of ischemic symptoms following with- 
drawal of nitrate therapy, the use of a nitrate-free 
period to limit tolerance is relatively impractical in 
this group. 

The potential importance of nitrate tolerance in 
patients with unstable angina extends not only to 
the vasodilator actions of nitrates, but also to their 
effects on platelet aggregation.* Insufficient data 
are available at present to address this major issue. 





The results of clinical studies of nitrate therapy 
in patients with unstable angina (summarized in 
Table IV) generally have involved initial utilization 
of intravenous NTG, with eventual transition to 
other modes of therapy, including oral and transder- 
mal nitrates. A randomized study by Curfman et 
alt compared the effects of intravenous NTG with 
those of oral isosorbide dinitrate/topical NTG 
ointment in 40 patients. Neither treatment regi- 
men was optimal with regard to prevention of 
nitrate tolerance. Although control of ischemic 
symptoms was more consistent with intravenous 
NTG, results of the study were not conclusive. 
Other studies involving the use of intravenous 
NTG have varied considerably with regard to 
infusion rates and the utilization of nonadsorbent 
polyethylene tubing in infusion sets to ensure 
predictable delivery of NTG.*°*® Although these 
factors and the lack of a randomized control group 
limit interpretation of the results of these studies, 
it appears that intravenous nitrate therapy was 
generally associated with amelioration of symptom- 
atic status. 

On the other hand, there is increasing evidence, 
despite long-standing clinical practice to the con- 
trary, that infusion rates of intravenous NTG 
should be limited wherever possible to <40 ug/ 
min. First, complications such as methemoglobin- 
emia, ethanol intoxication, heparin resistance, and 
Wernicke’s encephalopathy have been reported 
most frequently in patients receiving very high 
NTG infusion rates. More importantly, there is 
now strong evidence that marked tolerance to the 
hemodynamic (and presumably anti-ischemic) ef- 
fects of intravenous NTG generally occurs within 
24 hours if high infusion rates are used.4?>! For 
these reasons, current data suggest that mainte- 
nance of intravenous NTG infusion rates <40 
g/min represents optimal strategy in the majority 
of patients. This implies the need to abandon the 
previously recommended practice of titrating NTG 
infusion rates to produce a 10% reduction in mean 
arterial pressure. On the other hand, it must be 
admitted that to date no formal comparison of the 
relative efficacy of strategies of high versus low 
infusion rates of NTG has been undertaken. It is 
also likely, but never formally investigated, that in 
patients in whom termination of intravenous ni- 
trate therapy is contemplated due to cessation of 
symptoms, transition to oral or cutaneous nitrates 
is preferable to abrupt withdrawal, with the risk of 
precipitating rebound aggravation of ischemia. Aus- 
tralian practice is to use lower intravenous infusion 
rates than those employed in the United States. 
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TABLE IV Nitrate Therapy in Unstable Angina Pectoris: Summary of Some Clinical Investigations 


Comments 





Reference Year 


No, Patients 


Antman et al®? 1980 l 
Roubin et al*” 1982 16 
De Pace et al*® 1982 20 
Curfman et al*® 1983 40 
Kaplan et al*® 1983 35 
Dahlstrom et al®° 1986 18 
Horowitz et al*° 1988 46 


Study Design 


Open: infusion of 5—10 g/min 
NTG 


Open: infusion of (effectively) 
12—960 pg/min NTG 

Open: infusion of 15—226 ug/ 
min NTG 

Randomized comparison: 

a. Intravenous NTG 

b. Isosorbide dinitrate/NTG 

paste 

Open: infusion of 140 + 15 pg 
NTG 

Placebo-controlled: transder- 
mal NTG (25 mg/24 hours) 


Double-blind: infusion of 5—40 
g/min NTG + NAC 


Resolution of anterior ischemia 
in a patient refractory to cuta- 
neous nitrate therapy 

Reduction in frequency of chest 
pain 

Reduction in frequency of isch- 
emic episodes 

No significant difference be- 
tween therapeutic effects of 
regimens 


Reduced frequency of angina at 
rest 

Reduced frequency of anginal 
attacks on first day only— 
?onset of tolerance 

NTG/NAC associated with re- 
duced incidence of acute 


myocardial infarction but risk 
of hypotension 


NAC = N-acetylcysteine; NTG = nitroglycerin. 


COMBINED NITROGLYCERIN/ 
N-ACETYLCYSTEINE THERAPY 

Because of the increased need to maintain 
nitrate efficacy in patients prone to occurrence of 
ischemia over a 24-hour period, prevention of 
nitrate tolerance is of particular importance in 
patients with unstable angina. 

In view of previous studies demonstrating rela- 
tive circumvention of nitrate tolerance by non- 
nitrate activators of guanylate cyclase,*? one 
possible approach to the problem would involve 
agents such as sodium nitroprusside or molsidom- 
ine. No adequate comparative clinical data with 
NTG are available for these drugs. Nitroprusside 
has been shown to worsen ischemia in some studies 
of acute infarction. 

Another approach, consistent with previous stud- 
ies demonstrating the importance of sulfhydryl 
availability to the biochemical actions of nitrates, 
would be to utilize sulfhydryl donors such as 
N-acetylcysteine (NAC) that have been shown to 
potentiate hemodynamic responses to NTG**»° 
and prevent or reverse development of nitrate 
tolerance in some models.5®56 The combined use of 
NTG/NAC also is likely to induce markedly incre- 
mental effects on platelet aggregation,” and the 
generation of the S nitrosothiol, known as S-nitroso- 
NAC, which is markedly less prone to the develop- 
ment of tolerance than NTG alone.” 

A double-blind, randomized study comparing 
the effects of intravenous NTG alone with those of 
NTG/NAC in patients with severe unstable an- 
gina® demonstrated a significantly lower incidence 


of acute myocardial infarction in patients random- 
ized to receive NTG/NAC. However, there was 
only a nonsignificant trend toward fewer incre- 
ments in NTG infusion rate for control of chest 
pain in this group. The administration of NAC as 
an intermittent dose of 5 g every 6 hours via slow 
intravenous injection led to an increased risk of 
symptomatic hypotension, consistent with potenti- 
ation of the vasodilator effects of NTG by NAC.™ 
However, when NAC was infused continuously at a 
rate of 10 g/24 hr, no further episodes of hypoten- 
sion were observed. Subsequent review of treat- 
ment of patients with severe unstable angina pecto- 
ris and intermediate coronary syndrome with 
intravenous NTG/continuous NAC supports the 
safety of this treatment regimen. 

A particular advantage of NTG/NAC treatment 
for patients with unstable angina is the apparently 
low risk of occurrence of hemorrhagic complica- 
tions: no cases have been reported to date. In 
patients with severe unstable angina it is therefore 
current practice in our institution to continue NAC 
infusion to the time of coronary revascularization. 

It must be emphasized, however, that no compar- 
isons of the clinical efficacy of NTG/NAC and 
NTG/heparin have been undertaken to date. It 
also remains uncertain whether the combined use 
of NTG/NAC and heparin may confer additional 
beneficial effects or increased risk of bleeding. 
Finally, it must be emphasized that the efficacy of 
NTG/NAC has been evaluated only in the high- 
risk subgroup of patients with unstable angina 
pectoris. 
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CONCLUSIONS AND FUTURE CONSIDERATIONS 

Nitrate therapy is likely to benefit the majority 
of patients with unstable angina pectoris, via mech- 
anisms including prevention of coronary vasocon- 
striction and inhibition of platelet aggregation 
(compensating for locally deficient EDRF release). 
In low-risk patients, oral or transdermal nitrate 
therapy can be undertaken. However, in the high- 
risk subgroup, low infusion rates of intravenous 
NTG should be preferred to optimize anti-isch- 
emic effect while minimizing the occurrence of 
nitrate tolerance. Intravenous nitrates should be 
combined with either aspirin, heparin, or NAC 
(still classified as experimental in the United States) 
to reduce further the risk of acute myocardial 
infarction. Most patients should also receive a 
calcium antagonist (e.g., verapamil or diltiazem) or 
a B-adrenoceptor antagonist for incremental anti- 
ischemic effects. Because of the common use of 
multiple drug therapy in most patients, the precise 
value of nitrates alone with regard to relief of 
ischemic pain and prevention of acute myocardial 
infarction is unlikely to be ascertained in the 
immediate future. However, a randomized clinical 
trial would perhaps assist to determine optimal 
infusion regimens for intravenous NTG. 

The issue of prevention of nitrate tolerance is of 
paramount importance in this group of patients, 
although data documenting nitrate tolerance in 
unstable angina is lacking. Apart from currently 
available strategies of minimization of NTG infu- 
sion rates, utilization of the NTG/NAC combina- 
tion, or infusion of molsidomine instead of NTG 
(neither available in the United States), the devel- 
opment for clinical use of S-nitrosothiols offers a 
further potential avenue for elimination of this 
problem. 
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Editor’s Comment 


Jonathan Abrams, MD 


he following articles by Flaherty (“Role of 
Nitrates in Acute Myocardial Infarction”) 


and Jugdutt (“Role of Nitrates After Acute 
Myocardial Infarction”) provide a comprehensive 
overview of the animal and human data that 
demonstrate a salutary role for nitrates in the early 
acute myocardial infarction (MI) period (first 24 
hours) as well as in the late post-MI phase. These 
agents appear to provide major benefits by prevent- 
ing left ventricular (LV) dilation and shape change 
(remodeling), in addition to decreasing infarct size, 
morbidity, and mortality in the early MI period. It 
is important to stress that nitroglycerin therapy for 
infarct size reduction and prevention of LV remod- 
eling in acute MI is investigational, both during the 
immediate infarct period and postinfarction. A 
similar situation is true for the use of angiotensin- 
converting enzyme (ACE) inhibitors post-MI; con- 
siderable preliminary data suggest a significant 
reduction in LV remodeling with these agents as 
well. Confirmation of important clinical benefits for 
the nitrates and the ACE inhibitors following acute 
MI awaits the results of ongoing large clinical trials 
employing thousands of subjects. The results of the 
Survival and Ventricular Enlargement (SAVE) 


trial, employing captopril post-MI, were an- 
nounced in April 1992 at the American College of 
Cardiology scientific sessions. The study was posi- 
tive and demonstrated important clinical benefits 
in post-MI patients treated with captopril. The 
Third Gruppo Italiano per lo Studio della Soprav- 
vivenza nell’Infarto Miocardico (GISSI-3) and the 
Fourth International Study on Infarct Survival 
(ISIS-4) are currently underway in Europe; both 
test the hypothesis that nitrates, ACE inhibitors, or 
their combination, will be useful in both the acute 
and post-MI period. 

Until these large trials have been completed, 
physicians should use care and caution in prescrib- 
ing nitrates (or ACE inhibitors) in acute MI 
patients or for postinfarction remodeling. There is 
at present no Food and Drug Administration 
indication for the routine use of these drugs in 
acute infarct patients, and although many small 
trials are suggestive of a positive effect of both 
nitrates and ACE inhibitors in acute and postinfarc- 
tion, the hypothesis that these potent vasodilators 
are safe and effective for routine administration 
awaits definitive trial results. 
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Role of Nitrates in Acute Myocardial Infarction 


John T. Flaherty, MD 





In patients with acute myocardial infarction, in- 
travenous nitroglycerin lowers left ventricular 
filling pressure and systemic vascular resistance. 
At lower infusion rates (<50 g/min) nitroglycerin 
is principally a venodilator, whereas at higher 
infusion rates more balanced venous and arterial 
dilating effects are seen. Patients with left ven- 
tricular failure demonstrate increased or main- 
tained stroke volumes, whereas patients without 
failure show a decrease in stroke volume. All he- 
modynamic subgroups show a decrease in left 
ventricular filling pressures and a reduction in 
electrocardiographic evidence of regional myo- 
cardial ischemia. Longer-term infusions (24—48 
hours) have been shown to result in myocardial 
preservation, as assessed by global and regional 
left ventricular function and laboratory indices of 
infarct size. Comparison of intravenous nitro- 
glyercin and sodium nitroprusside reveals in- 
creased intercoronary collateral flow with nitro- 
giyercin, in contrast to a decrease with 
nitroprusside, compatible with a “coronary 
steal.” Short-term administration of intravenous 
nitroglyercin with or without chronic administra- 
tion of long-acting nitrates have been found both 
to reduce short-term mortality and to have long- 
term beneficial effects on left ventricular remod- 
eling in patients with anterior transmural infarc- 
tions. Current clinical practice would utilize 
intravenous nitroglyercin as initial therapy for 
patients receiving intravenous thrombolytic ther- 
apy and/or acute percutaneous transluminal cor- 
onary angioplasty within 4—6 hours of the onset 
of symptoms of acute myocardial infarction, in 
order to optimize intercoronary collateral flow 
until reperfusion can be accomplished. Patients 
reaching the hospital >6 hours but <14 hours 


From the Division of Cardiology, Johns Hopkins University School 
of Medicine, Baltimore, Maryland. This article has been modified 
from Chapter 12, “The Role of Nitrates in Acute Myocardial 
Infarction and Post-Infarction,” by J.T. Flaherty, MD, in Abrams J, 
Pepine CJ, Thadani U, eds. Medical Therapy of Ischemic Heart 
Disease: Nitrates, Beta Blockers, and Calcium Antagonists, Bos- 
ton: Little, Brown, 1992. 

Address for reprints: John T. Flaherty, MD, Division of 
Cardiology, Johns Hopkins University School of Medicine, Balti- 
more, Maryland 21205. 


after symptom onset can still benefit from intra- 
venous nitrogtyercin for 24—48 hours. Patients 
developing congestive heart failure and/or se- 
vere arterial hypertension as complications of an 
acute infarction as well as patients developing 
postinfarction unstable angina are also candi- 
dates for intravenous nitroglyercin therapy. As 
with the angiotensin-converting enzyme inhibi- 
tors, >6 weeks of postinfarction treatment with 
long-acting nitrates would also appear to reduce 
left ventricular remodeling in patients with ante- 
rior transmural infarctions. 

(Am J Cardiol 1992;70:73B—81B) 


s recently as 1966 Friedberg’s Textbook of 
À crian warned against the administra- 

tion of nitroglycerin to patients with acute 
myocardial infarction.! Despite these warnings, 
cardiologists at the Johns Hopkins Hospital began 
studying the short-term hemodynamic and anti- 
ischemic effects of intravenous nitroglycerin in 
patients with acute myocardial infarction >15 
years ago.2> More recently, we performed a ran- 
domized, placebo-controlled trial of intravenous 
nitroglycerin administered for 48 hours with the 
goals of reducing infarct size and improving clinical 
outcomes.® 

On October 1, 1981, intravenous nitroglycerin 
was released for general clinical use by the U.S. 
Food and Drug Administration. The clinical indica- 
tions for which the intravenous preparation was 
approved include unstable angina and left ventric- 
ular failure complicating acute myocardial infarc- 
tion. 

This article will review: (1) the acute hemody- 
namic responses to short-term infusion in patients 
with acute myocardial infarction; (2) the results of 
our placebo-controlled trial of long-term (48-hour) 
infusion of intravenous nitroglycerin in patients 
with acute myocardial infarction; (3) the results of 
other published clinical trials utilizing intravenous 
nitroglycerin in an attempt to reduce infarct size; 
(4) a comparison of the hemodynamic and intercor- 
onary collateral flow effects of nitroglycerin and 
nitroprusside; (5) the results of 2 placebo-con- 
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trolled clinical trials of nitroprusside in acute 
myocardial infarction; and (6) the results of our 
study of the effects of acute administration of 
intravenous nitroglycerin in combination with intra- 
aortic balloon counterpulsation therapy in patients 
with large transmural infarctions. Finally, I will 
present my Own current recommendations for the 
use of intravenous nitroglycerin in patients with 
acute myocardial infarction. 


ACUTE HEMODYNAMIC EFFECTS OF 
SHORT-TERM INFUSION IN PATIENTS WITH 
ACUTE MYOCARDIAL INFARCTION 

In 1972 cardiologists at the Johns Hopkins 
Hospital began administering intravenous nitroglyc- 
erin to patients with acute myocardial infarction 
with the goal of reducing regional myocardial 
ischemia and, when possible, improving left ventric- 
ular hemodynamics. In order to be sure that by 
lowering coronary perfusion pressure, regional myo- 
cardial ischemia was not being made worse, precor- 
dial ST-segment monitoring was employed. In the 
first 12 patients that we studied, only a small mean 
blood pressure decrease was induced (average —7 
mm Hg), while at the same time a significant lowering 
of left ventricular filling pressure was documented.” In 
all 12 cases a reduction in the sum of the precordial 
ST-segment voltages was observed. 
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FIGURE 1. Hemodynamic effects of intravenous nitroglyc- 
erin in the presence and absence of left ventricular (LV) 
failure. Stroke volume index (mL/m7) is plotted versus LV 


tricular function curves is indicated by dashed curves with 
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Reassured by this initial experience, higher 
infusion rates of nitroglycerin were used in another 
clinical trial, which resulted in greater (15-30 mm 
Hg) reductions in mean arterial pressure.’ Benefi- 
cial anti-ischemic effects were observed in all 30 
patients, irrespective of the presence or absence of 
left ventricular failure, as assessed by precordial 
ST-segment mapping. By stepwise titration of the 
intravenous infusion, nitroglycerin was shown to 
act principally as a venodilator at lower infusion 
rates, lowering left ventricular filling pressure by a 
mean of 10 mm Hg (45%), while causing minimal 
lowering of mean arterial pressure. At higher 
infusion rates, more balanced venous and arterial 
dilating effects were observed. In association with a 
similar lowering of left ventricular filling pressure 
(52%), a 20% lowering of mean arterial pressure 
was observed. Effects on left ventricular hemody- 
namics varied with the degree of underlying left 
ventricular failure (Figure 1). Patients without 
hemodynamic evidence of left ventricular failure 
demonstrated both a decrease in stroke volume 
and a decrease in the left ventricular filling pres- 
sure, evidencing the predominant preload lowering 
or “diuretic-like effect” induced by venodilation. 
In contrast, patients with mild left ventricular 
failure, as evidenced by an elevated left ventricular 
filling pressure but a normal stroke volume, demon- 
strated a lowering of left ventricular filling pressure 
but with a maintenance of stroke volume, suggest- 
ing that nitroglycerin was inducing a degree of 
afterload lowering as well. Patients with hemody- 
namic evidence of a more severe degree of left 
ventricular failure, as evidenced by both an ele- 
vated filling pressure and a reduced stroke volume, 
demonstrated the most beneficial hemodynamic 
effects. In this subgroup of patients, left ventricular 
filling pressure was again lowered, but in addition 
stroke volume was increased, compatible with a 
more balanced arterial and venodilating effect 
(Figure 1). 

Similar differential effects on hemodynamics 
have been reported for nitroprusside. This differen- 
tial effect of nitroglycerin on stroke volume is most 
likely the result of differences in arterial imped- 
ance in patients with and without heart failure 
(Figure 2). Patients with moderate or severe left 
ventricular failure have been shown to have in- 
creased sympathetic tone, increased circulating 
catecholamines, and elevated systemic vascular 
resistance; the arterial—arteriolar actions of nitro- 
glycerin are particularly useful in subjects with 
impaired left ventricular contractile function. 
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In summary, short-term infusion of intravenous 
nitroglycerin to patients with acute myocardial 
infarction resulted in improvement in electrocardio- 
graphic evidence of regional ischemia in all hemo- 
dynamic subgroups. Patients with the most severe 
degree of left ventricular failure demonstrated the 
most beneficial hemodynamic effects, obtaining 
both a reduction in pulmonary venous congestion 
and an improvement in forward cardiac output. 
Careful upward titration of the infusion rate al- 
lowed these beneficial anti-ischemic and hemody- 
namic effects to be obtained without excessive 
lowering of coronary pressure and without induc- 
ing a reflex tachycardia. In fact, the mean heart 
rate during intravenous nitroglycerin infusion was 
lower than control in all hemodynamic subgroups, 
most notably in the subgroups of patients with 
evidence of left ventricular failure. 

We also performed 2 additional acute hemody- 
namic studies in an effort to determine whether or 
not the anti-ischemic effects of intravenous nitro- 
glycerin could be augmented by the addition of 
phenylephrine, which by maintaining coronary per- 
fusion pressure might augment the anti-ischemic 
effects of nitroglycerin alone, or of propranolol, 
which by adding negative inotropic and negative 
chronotropic effects might augment the anti- 
ischemic effects of nitroglycerin by further reduc- 
ing myocardial oxygen demand. The addition of 
the a-adrenergic agonist and vasoconstrictor, phen- 
ylephrine, not only reversed the afterload-lowering 
effects, but also increased left ventricular filling 
pressure and reversed the beneficial anti-ischemic 
effects obtained with nitroglycerin alone.* Addi- 
tion of propranolol also resulted in a reversal of the 
preload-lowering effect obtained with nitroglycerin 
alone.> Further, when the short-term nitroglycerin 
infusion was discontinued, left ventricular filling 
pressures rose above control levels, especially in 
patients with significant left ventricular dysfunc- 
tion, reflecting the very short half-life of parenteral 
nitroglycerin (3 minutes) compared with the 6-hour 
elimination half-life of parenteral propranolol. 


RESULTS OF A RANDOMIZED 
PLACEBO-CONTROLLED CLINICAL TRIAL OF 
LONG-TERM INFUSION OF NITROGLYCERIN IN 
PATIENTS WITH ACUTE MYOCARDIAL 
INFARCTION 

Based on the positive hemodynamic and anti- 
ischemic effects obtained on our initial short-term 
infusion studies, a randomized prospective trial 
of long-term infusion of nitroglycerin in patients 
with acute myocardial infarction was undertaken.° 


Patients received a 48-hour infusion of either 
intravenous nitroglycerin or placebo, followed by 
the application of nitroglycerin or a placebo oint- 
ment for an additional 72 hours. Included in this 
study were 104 patients with chest pain and electro- 
cardiographic changes suggestive of acute myocar- 
dial infarction who presented <12 hours after the 
onset of symptoms. 

Prior to initiation of the study drug infusion, we 
obtained a thallium-201 myocardial perfusion scan 
and a technetium-99m gated blood-pool scan. A 
computer-assisted scoring technique was used to 
define a thallium defect score that provided a 
quantitative index of the extent of myocardium at 
risk. It was recognized that the areas of decreased 
thallium uptake included both presently and previ- 
ously infarcted myocardium as well as reversibly 
ischemic myocardium. The pretreatment gated 
blood-pool scan (or, in a few patients, a 2-dimen- 
sional echocardiogram) defined baseline left ven- 
tricular function. 

The nitroglycerin infusion was begun at 5-10 
ug/min, and the infusion rate increased stepwise 
until a 10% lowering of mean arterial pressure was 
obtained. Blood pressure was monitored noninva- 
sively using an ultrasonic blood pressure cuff. Once 
this hemodynamic endpoint had been reached, the 
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the magnitude of the increase in stroke volume index that 
would be expected from this reduction in SVR for each he- 


modynamic subgroup. 
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final infusion rate was continued for 48 hours, 
unless side effects or hypotension required reduc- 
tion or discontinuation of the infusion. The mean 
infusion rate required to reach the 10% mean 
blood pressure lowering endpoint was 90 g/min. 
After 48 hours, the nitroglycerin infusion was 
discontinued, and 1 inch of nitroglycerin ointment 
was applied every 4 hours, with the dose increased 
stepwise, in an attempt to maintain the level of 
arterial pressure previously obtained with intrave- 
nous therapy. Control patients had 1 inch of 
placebo ointment applied every 4 hours. The thal- 
lium-201 gated blood-pool scans (or 2-dimensional 
echocardiogram) were obtained 7-14 days later. Of 
the 104 patients, 56 were randomized to intrave- 
nous nitroglycerin and 48 to placebo. There were 
no significant differences in admission clinical or 
scintigraphic parameters between the groups. Pa- 
tients were divided into early- and late-treatment 
subgroups, according to the time interval between 
the onset of symptoms of acute infarction and time 
of the initiation of treatment. Patients treated < 10 
hours from the onset of chest pain had “early” 
treatment, and those treated >10 hours after 
symptom onset had “late” treatment. The retro- 
spective time cutoff of 10 hours divided the nitro- 
glycerin-treated patients into 2 equal subgroups. 
Three-month mortality tended to be lower in 
the early nitroglycerin treatment subgroup (14%) 
compared with mortality in the other 3 treatment 
subgroups (21-28%). However, perhaps because 
of the small study population, this difference ap- 
proached but did not reach statistical significance. 
When the unfavorable clinical outcomes of in- 
hospital death, infarct extension, or development 
of new congestive heart failure were examined 
separately, the incidence of each tended to be 
lower with early nitroglycerin treatment, but again 
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differences were not quite statistically significant. 
However, when the combined incidence of any 1 of 
these 3 unfavorable outcomes was analyzed, a 
highly significant reduction was noted for early 
nitroglycerin treatment (p <0.003). The change 
in ejection fraction (between day 1 and days 7-14) 
was also strikingly different with early nitroglycerin 
therapy (Figure 3). Patients with an abnormal left 
ventricular ejection fraction on admission who 
received early treatment with nitroglycerin demon- 
strated an 11% improvement in global ejection 
fraction (p = 0.058). In contrast, patients with an 
initially abnormal global ejection fraction in the 
other 3 treatment subgroups showed no significant 
change. Among patients with an initially normal 
ejection fraction ( > 50%) and presumably a smaller 
region of myocardium at risk for infarction, all 4 
treatment subgroups demonstrated only small de- 
creases in global ejection fraction, irrespective of 
therapy. It is likely that the pretreatment ejection 
fractions were augmented by the high circulating 
catecholamine levels associated with an acute myo- 
cardial infarction. At 7-14 days, in the absence of 
chest pain and the resultant sympathetic/cate- 
cholamine stimulation, a lower global ejection 
fraction might be expected; subjects with smaller 
myocardial risk areas may have limited detection of 
beneficial effects. 


RESULTS OF OTHER CLINICAL TRIALS OF 
INTRAVENOUS NITROGLYCERIN IN ACUTE 
MYOCARDIAL INFARCTION 

Several other studies have employed nitroglyc- 
erin infusion in efforts to reduce infarct size (Table 
I). Bussman et al’ compared 31 patients with acute 
myocardial infarction who received intravenous 
nitroglycerin for 48 hours with 29 control patients. 
This study included only patients with pulmonary 
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Bussman et al’ 60 Only transmural infarcts 10 
with LVFP >12 mm 
Hg 
Jaffee et al® 85 All infarcts 6 
Derrida et al? 24  Allinfarcts 10 
Jugdutt and Warnica!°© 310 Only transmural infarcts 5 










pressure; | = decrease. 


artery diastolic or pulmonary capillary wedge pres- 
sures of > 12 mm Hg, transmural infarction, and an 
increase in total creatine kinase (CK) levels. Treat- 
ment was instituted a mean of 10 hours after the 
onset of symptoms, and nitroglycerin was titrated 
to lower the elevated pulmonary artery diastolic 
pressure; excessive lowering of arterial pressure 
was avoided. 

Total CK infarct size was found to be 23% lower 
for nitroglycerin-treated versus control patients 
(p <0.05). Likewise, CK-MB infarct size, peak 
total CK, and peak CK-MB blood levels were also 
lower with nitroglycerin compared with standard 
treatment. Pulmonary artery diastolic pressure de- 
creased and cardiac output increased significantly 
more in nitroglycerin-treated than control patients. 
In contrast, increases in heart rate and decreases in 
mean arterial pressure were not different between 
treated and control patients. 

Jaffe et al® performed a randomized prospective 
study of 85 patients receiving a 24-hour infusion of 
nitroglycerin or placebo, beginning a mean of 6 
hours after the onset of symptoms. The nitroglyc- 
erin was titrated to lower systolic blood pressure by 
10%. Total CK infarct size was reduced signifi- 
cantly with nitroglycerin treatment only in the 
subgroup of patients with inferior transmural infarc- 
tions. 

In an older randomized prospective study, Derr- 
ida et al? reported a significant reduction in in- 
hospital mortality from 23% to 5% in 74 patients 
with acute myocardial infarction, comparing nitro- 
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TABLE I Clinical Trials of Intravenous Nitroglycerin in Acute Myocardial Infarction 


IV NTG 
Mean Time from  ———— =a 
Patients Inclusion Symptom Onset Mean Dose Duration Titration 
References (n) Criteria to Treatment (hr) (g/min) (hr) to Reduce Outcome 


CK = creatine kinase; EF = ejection fraction; IV = intravenous; LVFP = left ventricular filling pressure; MAP = mean arterial pressure; NTG 















90 48 MAP 10% Improved EF in patients 
with abnormal base- 


line EF 


47 48 LVFP | CK infarct size 


54 24 SAP 10% | CK infarct size 37% 
but for inferior trans- 
mural infarcts only 

| in-hospital mortality 
from 23% to 5% and 
precordial R waves 
better preserved in 


anterior infarcts 


Reduced infarct expan- 
sion, CK infarct size 
and | 3 month mor- 
tality 


= nitroglycerin; SAP = systemic arterial 


51 24-168 SAP 20 mmHg 


45 39 (mean) MAP 10% 









glycerin treatment with untreated control patients. 
The nitroglycerin infusion was titrated initially to 
lower systolic arterial pressure 20 mm Hg, with the 
final infusion rate then maintained for 1-7 days. In 
this study the mean time interval between the onset 
of symptoms and the initiation of therapy was 10 
hours. Precordial mapping studies in a subgroup of 
46 patients with anterior transmural infarctions 
revealed better preservation of R waves in precor- 
dial leads initially demonstrating ST-segment eleva- 
tion of > 1.5 mm and a persistent R wave. 

A recent study by Jugdutt and Warnica!® re- 
ported beneficial effects of acute administration of 
intravenous nitroglycerin on early mortality as well 
as left ventricular ejection fraction, extent of left 
ventricular asynergy, and derived indices of infarct 
expansion and thinning. These data are discussed 
in Jugdutt’s review in this symposium. These inves- 
tigators randomized 310 patients to intravenous 
nitroglycerin infusion or placebo for an average of 
39 hours.!! Serial 2-dimensional echocardiography 
was employed to assess the incidence and severity 
of infarct expansion. In addition to demonstrating 
a reduction in expansion of the infarct segment 
when reassessed 10 days after admission, this large 
placebo-controlled trial was able to demonstrate 
significant reductions in CK infarct size and 
3-month mortality, as well. The reduction in death 
was seen exclusively in the subjects with anterior 
wall infarction. 

Based on the premise that the majority of the 
published controlled clinical trials of intravenous 
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TABLE II Comparison of Intravenous Nitroglycerin with 
Nitroprusside in Acute Myocardial Infarction 


Nitroglycerin Nitroprusside 


Chairello et al!3 


Patients with anterior 
transmural myocar- 
dial infarction 


Open chest anesthe- 
tized dog model with 
acute coronary liga- 
tion 

Mann et al!¢ 

Patients with angio- 
graphically visible 
intercoronary chan- 
nels 


| ST elevations t ST elevations 


| ST elevations and 
t MBF 


t ST elevations and 
| MBF 


t MBF 


MBF = myocardial blood flow; | = decrease; t = increase. 


nitroglycerin in acute myocardial infarction failed 
to detect an unequivocal reduction in mortality due 
to their relatively small sample sizes, Yusuf and 
Collins'* pooled mortality data from 7 randomized 
placebo-controlled studies. Although only 2 of the 
7 trials*'! were able to demonstrate a statistically 
significant reduction in mortality, pooling the mor- 
tality data from all 7 studies, which included 
> 1,000 patients, revealed a highly significant 30% 
reduction in mortality in the intravenous nitroglyc- 
erin-treated patients versus control patients. 


COMPARISON OF THE EFFECTS OF 
NITROGLYCERIN AND NITROPRUSSIDE ON 
REGIONAL ISCHEMIA AND INTERCORONARY 
COLLATERAL BLOOD FLOW 

Several experimental animal and clinical studies 
have compared the hemodynamic and anti-isch- 
emic effects of nitroglycerin and nitroprusside 
(Table II). These suggest that nitroprusside may 
induce a coronary steal phenomenon with subse- 
quently differing effects on the myocardium, com- 
pared with beneficial anti-ischemic actions of nitro- 
glycerin. !3-!6 

In order to define the mechanisms responsible 
for the apparent opposite effects of nitroglycerin 
and nitroprusside on regional ischemia, Chiarello 
et al! carried out a study in an open chest canine 
model. Following ligation of the left anterior de- 
scending coronary artery, nitroprusside or nitroglyc- 
erin were titrated to lower mean arterial pressure 
by 200 mm Hg. Utilizing the radioactive micro- 
sphere technique, myocardial blood flow distal to 
the ligated left anterior descending coronary artery 
was found to decrease and epicardial ST-segment 
elevations to increase during nitroprusside infu- 
sion. In contrast, during nitroglycerin infusion, 
ischemic zone myocardial blood flow increased and 





epicardial ST segment elevations decreased. Since 
the coronary artery remained ligated, the improve- 
ment in regional ischemia observed with nitroglyc- 
erin must be taken as evidence of an increase in 
intercoronary collateral blood flow. In contrast, 
during nitroprusside infusion, collateral flow to the 
ischemic zone actually decreased, and flow to the 
nonischemic zone increased, providing evidence of 
a coronary steal. 

In the cardiac catheterization laboratory, Mann 
et al'* used the xenon-133 washout technique to 
study the effects of nitroglycerin and nitroprusside 
on regional myocardial blood flow. In a subgroup 
of patients with fixed coronary artery disease and 
angiographically visible intercoronary collaterals, 
myocardial blood flow distal to a severe coronary 
artery stenosis was found to increase with nitroglyc- 
erin and to decrease with nitroprusside. Cappuro 
et al," using an open chest anesthetized dog model 
with well-developed collateral vessels induced by 
previous implantation of an amaroid constrictor, 
demonstrated greater sensitivity of intercoronary 
collateral channels to the vasodilating effects of 
nitroglycerin than of nitroprusside. Finally, Mar- 
cho and Vatner!® demonstrated in a conscious, 
instrumented dog model that, compared with nitro- 
prusside, nitroglycerin induces relatively less dila- 
tion of the small resistance vessels and greater 
dilation of the large (conductance) coronary ves- 
sels, which include intercoronary collateral chan- 
nels. 


CLINICAL TRIALS OF NITROPRUSSIDE IN 
ACUTE MYOCARDIAL INFARCTION 

In 2 published prospective randomized, placebo- 
controlled trials, nitroprusside or a placebo was 
administered to patients with acute myocardial 
infarction in an attempt to reduce infarct size 
and/or improve short-term mortality (Table III). 
In a large multicenter Veterans Administration 
Cooperative Trial, nitroprusside was titrated to 
reach 1 of 4 endpoints: (1) a reduction of left 
ventricular filling pressure to <60% of control; (2) 
a lowering of systolic arterial pressure to 20% of 
the control pressure plus 76 mm Hg; (3) the 
development of significant side effects; or (4) a 
maximum infusion rate of 200 wg/min.!8 Included 
were 812 patients with the onset of chest pain <24 
hours prior to admission, and transmural infarc- 
tion, as evidenced by ST-segment elevations and 
subsequent development of pathologic Q waves or 
a new conduction defect (Table III). Approxi- 
mately 67% of patients had anterior wall infarc- 
tions. A left ventricular filling pressure of > 12 mm 
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TABLE IlI Clinical Trials of Intravenous Nitroprusside in Acute Myocardial Infarction 


Clinical 
Trial 


Cohn et al!§ 


812 patients, mean time of Rx 17 hours after 
onset of symptoms. Only transmural infarcts 
and LVFP > 12 mm Hg 


Durrer et al!9 


cebo 


328 patients, mean time of Rx 5 hours after on- 
set of symptoms. All infarcts. (Patients with 
hypertension on admission were not excluded) 


Early Treatment 
Group 


Mortality (13 wk) 24% for NP vs 13% for pla- 


Late Treatment 
Group 


Mortality (13 wk) 14% for NP vs 22% for pla- 
cebo 


Mortality (4 wk) 6% for NP vs 12% for placebo 
Peak CK-MB blood levels (anterior infarcts only) 


CK-MB = MB isoenzyme of creatine kinase; LVFP = left ventricular filling pressure; NP = nitroprusside; Rx = treatment. 


Hg was also required. Excluded were patients with 
normal left ventricular filling pressures, cardio- 
genic shock, hypertension requiring vasodilator 
therapy, severe bronchopulmonary disease or other 
serious illnesses, or a systolic blood pressure of 
<100 mm Hg. 

Patients received either a 48-hour infusion of 
sodium nitroprusside or placebo. The mean time 
interval between the onset of symptoms and initia- 
tion of therapy was 17 hours. The 3-week mortality 
was 10.4% among the total population of placebo- 
treated patients compared with 11.5% among all 
nitroprusside-treated patients (difference not sig- 
nificant). Likewise, after 13 weeks of follow-up, 
mortality rates were 19% in placebo-treated and 
17% in nitroprusside-treated patients (difference 
not significant). No significant differences were 
noted in the peak CK-MB isoenzyme blood levels. 
However, with early treatment defined as therapy 
initiated <9 hours after the onset of chest pain, 
mortality rate after 13 weeks of follow-up was 
higher, 24% in those treated early with nitroprus- 
side compared with only 13% in those treated early 
with placebo (p <0.025) (Table III). In contrast, in 
those patients treated late, 13-week mortality was 
found to be lower (14% with nitroprusside vs 22% 
with placebo, p <0.04). 

In a second randomized clinical trial, Durrer et 
al!’ administered nitroprusside or placebo for 24 
hours to 328 patients with acute myocardial infarc- 
tion (Table III). Nitroprusside was titrated to 
lower systolic blood pressure to 100 mm Hg or to 
reach a maximum infusion rate of 500 g/min. 
Approximately 50% of the infarctions were ante- 
rior. 

The mean interval between the onset of symp- 
toms and the initiation of therapy was 5 hours. 
Durrer et al!’ found a significant reduction in 
mortality after 23 days of follow-up comparing 
nitroprusside (6%) and placebo-treated patients 
(12%) (Table IIT); 18 patients in the placebo group 
died, compared with only 5 in the nitroprusside- 





treated group (p <0.05). It was noteworthy that 
the cause of death in 9 of the 18 placebo patients 
was rupture of the left ventricular free wall, a 
papillary muscle, or the interventricular septum. 
This 7% incidence of myocardial rupture seems 
unusually large. Since initially hypertensive pa- 
tients do not appear to have been excluded, it is 
possible that some of the patients with myocardial 
rupture had been significantly hypertensive on 
admission and their hypertension thus remained 
untreated if they were randomized to placebo. The 
beneficial effect found for nitroprusside could 
therefore reflect the ability of the vasodilator to 
reduce an elevated blood pressure during the early 
hours of acute infarction, thereby preventing subse- 
quent myocardial rupture. These investigators dem- 
onstrated a reduction in peak levels of CK-MB 
only in patients with anterior infarction (Table II) 
and a reduction in the incidence of congestive 
heart failure during the in-hospital period in all 
nitroprusside-treated patients. 

The results of these 2 trials raise several ques- 
tions regarding the advisability of nitroprusside 
treatment in patients with acute myocardial infarc- 
tion; because of the uniformly beneficial results of 
the nitroglycerin studies,°" the use of intrave- 
nous nitroglycerin over nitroprusside is recom- 
mended in this clinical setting. However, in pa- 
tients with hypertension or left ventricular failure, 
nitroprusside remains a viable therapy. 


EFFECTS OF AFTERLOAD LOWERING 

The combination of intravenous nitroglycerin 
and intra-aortic balloon counterpulsation in 
patients with extensive myocardial infarction: 
Although intravenous nitroglycerin has been shown 
to improve left ventricular function in patients with 
a range of myocardial infarction size, there appears 
to be a subset of patients in our clinical trial who 
continued to show a high 3-month mortality de- 
spite this intervention.® These patients were identi- 
fied by the large extent of thallium-201 defect on 
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their admission perfusion scan. Therefore, we 
performed a randomized clinical trial comparing 
intravenous nitroglycerin infusion plus intra-aortic 
balloon counterpulsation therapy for 4-5 days with 
routine medical management in a group of patients 
with large transmural myocardial infarctions judged 
to be at high risk due to the presence of a very large 
thallium-201 perfusion defect.” 

At the time of study entry, patients were re- 
quired to be without overt clinical signs of left 
ventricular failure. However, despite this aggres- 
sive approach to lowering left ventricular afterload, 
we were unable to show a reduction in subsequent 
infarct expansion. In fact, many of these patients 
showed echocardiographic evidence of infarct ex- 
pansion on their initial examination prior to the 
initiation of afterload-lowering therapy. We were 
able to show a reduction in the degree of stretching 
or remodeling of contralateral noninfarcted wall 
on a follow-up echocardiogram obtained 7-14 days 
after initiation of the therapy, and at least 2 days 
after therapy had been discontinued. 

The remaining acute infarct patients with 
smaller, and thus lower risk, thallium-201 perfu- 
sion defects were entered into a second random- 
ized placebo-controlled trial of the calcium antago- 
nist, nifedipine.” Somewhat surprisingly, we were 
able to demonstrate a significant reduction in 
infarct segment with treatment with nifedipine 
compared with placebo, despite the smaller extent 
of myocardium at risk. We speculate that the 
smaller infarctions in these patients were less likely 
to expand prior to the initiation of an afterload 
lowering therapy. 


CURRENT RECOMMENDATIONS FOR THE USE 
OF NITRATES IN PATIENTS WITH ACUTE 
MYOCARDIAL INFARCTION 

My current recommendation is to administer 
intravenous thrombolytic therapy (tissue plasmino- 
gen activator or streptokinase) to patients reaching 
the emergency room within 4 hours of symptom 
onset. These patients should initially have intrave- 
nous nitroglycerin titrated to lower mean or sys- 
tolic arterial pressure 10%, with the infusion main- 
tained for 24-48 hours. Patients arriving in the 
emergency room >4 hours after symptom onset, 
but with evidence of viable myocardium (i.e., 
persistent R waves in those electrocardiographic 
leads demonstrating ST-segment elevation), may 
also receive intravenous nitroglycerin and thrombo- 
lytic therapy. The reduction in mortality obtained 
by Jugdutt et al,!° as well as the significant reduc- 
tion in mortality obtained by combining results of a 


large number of smaller clinical trials of intrave- 
nous nitroglycerin in acute myocardial infarction,'? 
supports the routine use of intravenous nitroglyc- 
erin for patients with acute myocardial infarction 
seen 4-12 hours after onset of symptoms and for 
patients seen earlier than 4 hours, but in whom 
thrombolytic therapy cannot be utilized. Intrave- 
nous nitroglycerin is also useful for the acute 
treatment of congestive heart failure and/or hyper- 
tension complicating acute myocardial infarction, 
as well as for the treatment of postinfarction 
unstable angina. Definitive revascularization by 
percutaneous transluminal angioplasty or bypass 
surgery is frequently employed after successful 
thrombolytic therapy in those patients demonstrat- 
ing residual ischemic potential. Thus, it would 
appear that the combination of acute administra- 
tion of intravenous nitroglycerin and intravenous 
thrombolytic therapy in suitable cases should result 
in optimal salvage of ischemic myocardium. 

As is discussed in greater detail by Jugdutt in 
the next article, initiation of intravenous nitroglyc- 
erin infusion at the time of admission followed by 
chronic therapy with a long-acting nitrate prepara- 
tion fer >6 weeks would appear to have long-term 
beneficial effects on infarct expansion and left 
ventricular remodeling, similar to those obtained 
with the angiotensin-converting enzyme inhibitors. 
The need to employ a nitrate-free interval in order 
to aveid the development of nitrate tolerance or 
hemodynamic attenuation in this particular clinical 
setting, utilized in Jugdutt’s study, has not been 
defined. Although the majority of clinical studies 
demonstrate loss of arterial blood pressure- 
lowering effects with chronic continuous adminis- 
tration of long-acting nitrates, the results of a 
recent study by Kelly et al”* suggest that measuring 
the brachial artery pressure might not be an 
adequate assessment of the afterload-lowering ef- 
fects ef nitroglycerin. These investigators were able 
to show in some patients large reductions in central 
aortic systolic pressure in the absence of significant 
lowering of brachial arterial pressure. They rea- 
soned that nitroglycerin’s effects on pulse wave 
transmission did not lower the peak systolic pres- 
sure in the brachial artery, but did reduce the 
aortic peak systolic pressure, which is the sum of a 
primary systolic pressure wave and a secondary 
reflected wave. The benefits of chronic afterload 
lowering following myocardial infarction with ni- 
trates or angiotensin-converting enzyme inhibitors 
seem well supported by experimental and clinical 
studies showing both reduced ventricular chamber 
diameters as well as improved mortality. 
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Role of Nitrates After Acute Myocardial 
Infarction 


Bodh |. Jugdutt, MB 


Apart from their ability to relieve myocardial isch- 
emia, nitrates have an important role to play on 
preservation of left ventricular (LV) geometry and 
function after acute myocardial infarction (Mi). In 
the first 48 hours after acute MI, intravenous ni- 
troglycerin infusion titrated to a low-dose regi- 
men produces multiple benefits, including 
smaller infarct size, better regional and global LV 
function, less remodeling, fewer in-hospital com- 
plications, and fewer deaths in-hospital and up to 
1 year. This regimen might be an effective ad- 
junct during reperfusion therapy for salvaging 
ischemic myocardium, LV geometry, and function. 
Recent studies indicate that prolonged therapy 
with nitrates during the healing phase after acute 
MI can effectively further limit progressive LV 
remodeling (less LV dilation, expansion, thinning, 
and aneurysm formation) and preserve LV func- 
tion. Tolerance with chronic therapy is avoided by 
an eccentric dose regimen to provide a nitrate- 
free interval. 

(Am J Cardiol 1992;70:82B—87B) 
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he role of nitrates in therapy after acute 
myocardial infarction (AMI) has expanded 
considerably over the last 2 decades, from 
its century-old use for relief of myocardial ischemia 
to improving hemodynamics in congestive heart 
failure! and AMI + limitation of ischemic injury 
and infarct size,™!? limitation of remodeling,!?~!® 
and possibly improvement of survival.§!2!7 The 
century-old problem of nitrate tolerance from 
chronic exposure to high concentrations has been 
partially minimized by using appropriate dosing 
regimens, short-acting formulations, and adequate 
nitrate-free intervals.'*!? The other equally old 
problem of excessive nitrate-induced hypotension 
and reflex tachycardia in AMI?9?! has been re- 
solved by the recommendation for use of low-dose 
intravenous infusion of nitroglycerin carefully ti- 
trated to modest lowering of blood pressure as a 
practical hemodynamic endpoint.®*!2,22.23 
This article focuses on recent advances in the 
application of nitrate therapy in 2 arbitrary phases 
after AMI: (1) the acute phase during the infarc- 
tion process up until 48 hours after AMI, and (2) 
the chronic phase during the healing process, 
between 48 hours and 6 weeks after AMI. 


ACUTE THERAPY 

Nitrate therapy in the acute phase of myocardial 
infarction produces benefit by its ability to modify 3 
major pathophysiologic processes: (1) myocardial 
ischemic injury and infarct size; (2) myocardial 
infarct expansion; and (3) coronary thrombosis and 
myocardial underperfusion. 

Mechanisms: The mechanisms for benefit are 
summarized in Table I. The 3 processes and the 
effect of nitrates on them are interrelated. The 
primary mechanism of action is vasodilation. Dila- 
tion of venous and arterial vascular beds results in 
left ventricular unloading via decreases in preload 
and afterload. Dilation of the coronary vascular 
bed results in increased coronary flow and im- 
proved myocardial perfusion. Decreased preload 
and afterload result in decreased myocardial oxy- 
gen demand and increased coronary flow results in 
increased myocardial oxygen supply. This favor- 
able equation leads to myocardial salvage, im- 
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TABLE I Potential Mechanisms for Benefit with Acute Nitrate 
Therapy in AMI 


Improved left ventricular hemodynamics 
Dilation of venous and arterial vascular beds 
Increased venous capacitance 
Decreased preload 
Decreased afterload and impedance 


Improved left ventricular geometry 
Decreased chamber size and wall stress 
Decreased deformation forces 
Decreased regional dilation and expansion 
Decreased global dilation 
Decreased aneurysm formation 


Improved myocardial blood flow and perfusion 


Dilation of coronary vascular bed 

Increased collateral blood flow 

Decreased coronary artery spasm 

Increased diameter of epicardial arteries and stenoses 
Increased endothelial relaxing factor (EDRF) activity 
Increased prostacyclin (PGI) activity 

Decreased platelet adhesiveness and platelet plugs 
Increased coronary vein and lymphatic flow 

Increased removal of noxious metabolites of ischemia 


Possible benefits from nitrate therapy 
Improved regional and global ventricular performance 
Decreased ischemic injury and infarct size 
Decreased infarct-related complications 
Improved survival 





proved regional and global mechanical function, 
and improved hemodynamics. 

Low dose versus high dose: Intravenous nitro- 
glycerin infusion is preferred in early stages of 
AMI because of its rapid onset and offset of action. 
At low dose, the decrease in myocardial oxygen 
demand is mainly due to marked venodilation,”*> 
which results in a sequence of decreased preload, 
decreased chamber size, and decreased wall stress 
and tension. The latter effects also result in de- 
creased subendocardial compression, increased flow 
in intramural vessels, and improved intramural 
distribution of flow. Also at low doses, nitroglyc- 
erin dilates coronary arteries directly.” Tenfold 
higher doses are needed to dilate peripheral arter- 
ies and 40-fold higher doses to dilate myocardial 
resistance vessels.’ In conscious dog experi- 
ments,” infusion of intravenous nitroglycerin, given 
over the first 6 hours after coronary artery ligation 
in a low dose titrated to decrease the mean arterial 
pressure by 10% but never <90 mm Hg, was 
associated with 54% decrease in preload, a 50% 
increase in collateral blood flow, and a 51% de- 
crease in infarct size. However, when the mild 
nitrate-induced decrease in blood pressure was 
counteracted by administration of methoxamine in 
that study,*° the beneficial effects on preload, 


















TABLE Il Typical Protocol for Low-Dose Intravenous 
Nitroglycerin Infusion 


. Standard intravenous set with infusion pump can be used 
2. Begin at 5 g/min; increase by 5—10 g/min every 5—10 minutes 
until the desired endpoint or a dose of 200 g/min is reached 
3. Titrate to desired hemodynamic endpoint: lower mean BP by 
10% in normotensives 
30% in hypertensives 
But not to <80 mm Hg 
4. Reassess if: 
Systolic BP <90 mm Hg 
Mean BP <80 mm Hg 
Diastolic BP increases > 15 mm Hg 
Heart rate increases > 20% or decreases to < 50 bpm 
. Continue infusion for at least 24 hours, preferably 48 hours 
. Discontinue if hypotension develops; restart at 5 g/min when safe 
. To stop, titrate down by 5—10 pg/min every 5—10 minutes 
. Average dose range 30—140 pg/min 


BP = blood pressure. 


collateral flow, and infarct size were similar, sug- 
gesting that the mild decrease in afterload did not 
contribute significantly to myocardial salvage. In 
other conscious dog experiments?” higher doses of 
nitroglycerin, to decrease mean arterial pressure 
by > 10% to levels <83 mm Hg, decreased perfu- 
sion pressure and abolished the beneficial effects 
on collateral blood flow and infarct size. To use 
high doses of nitrate and then add an a-adrenergic 
agonist to counteract the nitrate-induced hypoten- 
sion is not necessarily beneficial. In fact, phenyleph- 
rine was found to reverse the beneficial effects on 
ischemic injury in patients with AMI.** Thus, it is 
best to avoid high doses of nitrate and hypotension 
while the infarction is in progress. A typical low- 
dose regimen!” is summarized in Table II. 
Antiplatelet and antithrombotic effects: ‘The 
increase in myocardial oxygen supply at low dose is 
mediated mainly via dilation of epicardial conduc- 
tance vessels and stenotic sites, relief of coronary 
artery spasm, dilation of preexisting intercoronary 
anastomotic channels, decreased subendocardial 
compression, and an increase in intramural collat- 
eral flow.”°27293° Although these vasodilatory ef- 
fects are ascribed primarily to conversion of or- 
ganic nitrate to nitric oxide (NO) and activation of 
guanylate cyclase,*!°* a secondary mechanism of 
nitrate-induced relaxation via the release of prosta- 
cyclin from the endothelium might be involved. It 
is now known that endothelium-derived relaxing 
factor (EDRF) is analogous to NO,** and damaged 
endothelium is associated with both diminished 
EDRF and prostacyclin,’ a combination that pro- 
motes platelet aggregation, release of vasoconstric- 
tive agents (such as thromboxane A, and seroto- 
nin), and vasospasm.” Exogenous nitrate can, 
therefore, boost the missing NO or EDRF and 
exert important antiplatelet and antithrombotic 
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effects post-AMI.*°*’ It has recently been found 
that nitroglycerin can act synergistically with the 
thrombolytic agent tissue-type plasminogen activa- 
tor (t-PA) to disaggregate platelets.** Nitrates, 
therefore, not only have the potential to maintain 
patency of the infarct-related artery after reperfu- 
sion therapy, thereby preventing postinfarction 
angina and recurrent infarction after thrombolytic 
therapy,” but they can also increase collateral flow 
in the presence of a totally occluded infarct-related 
artery. Greater benefit in patients with collateral 
development has been documented in several clin- 
ical studies.64%41 Recently, Habib et al*! found that 
patients with collaterals but failed reperfusion in 
the Thrombolysis in Myocardial Infarction (TIMI) 
trial had smaller infarcts and better left ventricular 
function than those without collaterals. In the dog 
model, Capurro et al” showed that collaterals opened 
after 4-hour infusions of intravenous nitroglycerin 
post-AMI remained persistently open. The ability of 
nitrates to increase coronary venous and lymphatic 
flow might also be important by causing increased 
washout of noxious metabolites of ischemia.”!! 
Acute remodeling and myocardial expansion: 
The hallmark of acute remodeling in AMI is infarct 
expansion, the stretching, thinning, and dilation of 
the infarct zone.**~* Since infarct size and transmu- 
rality are primary determinants of infarct expan- 
sion,?*5 decreasing infarct size and providing an 
epicardial rim of normal tissue to act as a buttress 
against outward deformation* effectively limits 
acute remodeling. Further, acute left ventricular 
unloading can potentially limit remodeling via a 
sequence of: (1) decreased preload, afterload, 
chamber size, and wall stress; and (2) decreased 
mechanical deformation forces acting on the in- 
farct zone and the noninfarcted wall, thereby 
reducing the outward bulging of the infarct zone 
and global dilation.*° Since early infarct expansion 
leads to a vicious cycle of more expansion, global 
ventricular dilation, aneurysm formation, congestive 
heart failure, increased risk of cardiac rupture, and 
increased morbidity and mortality,47* attenuation of 
acute infarct expansion by limitation of infarct size and 
ventricular unloading can interrupt this cycle.!** 
Preservation of left ventricular geometry is gen- 
erally associated with improvement in left ventricu- 
lar function. In dog experiments, low-dose intrave- 
nous nitroglycerin infusion over the first 6 hours of 
AMI results in small subendocardial infarction 
with greater subepicardial buttressing,*°~’ less in- 
farct expansion and thinning,” and improved left 
ventricular function over 6 weeks as well as less 
aneurysmal dilation, less ventricular distensibility, 


mechanically stronger scars, and greater resistance 
to ventricular rupture.” Although reperfusion at- 
tenuates remodeling independent of myocardial 
salvage,”! left ventricular function only improves if 
reperfusion is performed very early to avoid myo- 
cardial stunning.°* Recent studies indicate that 
nitroglycerin therapy combined with reperfusion might 
restore the match between restoration of flow, myocar- 
dial salvage, attenuation of acute remodeling, and 
improvement of left ventricular function.” 

Clinical studies: Early studies used low-dose 
infusions of intravenous nitroglycerin in AMI to 
unload the left ventricle, salvage function, and 
improve hemodynamics.** In all these studies," 
nitroglycerin consistently decreased the elevated 
left ventricular filling pressure. It also produced a 
leftward and upward shift in the relation between 
left ventricular stroke volume and filling pressure, 
indicating improved contractile function.?>* Stroke 
output either increases or remains unchanged, 
depending on the baseline hemodynamic subset.’ 
In 8 randomized clinical trials of low-dose intrave- 
nous nitroglycerin in AMI, reviewed elsewhere,!!)2 
cardiac output either increased®?!* or was main- 
tained,®!® but did not decrease. Regional and 
global left ventricular mechanical dysfunction de- 
creased.” Regional and global ejection fraction 
improved.®°”!* Several studies showed decreased 
ischemic injury,°?*!278 reduced creatine kinase 
infarct size,®?:!0!? and smaller thallium-201 perfu- 
sion defect scores. In one study a dose of 50 
wg/min was shown to reduce ischemic injury, 
whereas 100 wg/min produced tachycardia, hypo- 
tension, and less resolution of ischemic injury or an 
increase in ischemic injury. 

In the largest randomized study of low-dose 
intravenous nitroglycerin in AMI,'* the average 
dose was 45 g/min (range 4-192 wg/min). Ther- 
apy was given for at least 48 hours. The decrease in 
ischemic injury and infarct size in that study was 
less in those patients (9% of 154 patients random- 
ized to receive low-dose therapy) whose mean 
blood pressure inadvertently decreased below 80 
mm Hg in the first 12 hours. However, these 
patients still benefited from the positive effects on 
multiple other clinical and biologic endpoints (Ta- 
ble III), including remodeling. 

Several findings in that study’? need to be 
emphasized. First, the beneficial effect on infarct 
size limitation was found in patients treated up to 
10 hours after onset of pain but was most marked 
in patients treated early, within 4 hours of onset of 
pain. Second, the beneficial effect on regional and 
global left ventricular function persisted at the 
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time of discharge from the hospital and at serial 
echocardiographic studies done up to 6 months. 
Third, persistent benefit in functional parameters was 
found in both anterior and inferior infarction. Fourth, 
acute nitroglycerin therapy decreased left ventricular 
dimensions and attenuated infarct expansion and 
thinning in both anterior and inferior infarction. 
Fifth, limitation of remodeling by 48 hours of 
acute nitroglycerin therapy was associated with a 
decrease in frequency of the clinical infarct ex- 
pansion syndrome!**.47°° from 15% to 2% 
(p <0.0005), cardiogenic shock from 15% to 5% 
(p <0.005), congestive heart failure, in-hospital 
mortality from 26% to 14% (p <0.01), left ventric- 
ular thrombus from 22% to 5% (p <0.0005), and 
infarct extension from 22% to 11%, compared with 
the placebo group. Also, the functional Killip class 
was 40% less in the nitroglycerin group at the time 
of discharge compared with the placebo group. 
Sixth, although nitroglycerin therapy was associ- 
ated with fewer deaths at 3 months (16% vs 28%, 
p <0.025) and at 1 year (21% vs 31%, p <0.05) 
compared with placebo therapy, the improved 
survival was mainly seen in the very high-risk subset of 
patients with anterior Q-wave infarction who also 
had the most infarct expansion and remodeling. 
Seventh, the infusion of low-dose nitroglycerin 
over the first 48 hours was not associated with 
marked hemodynamic tolerance.!*>’ Partial toler- 
ance was detected after a mean of 11 hours in 24% 
of patients, as determined by individual analysis of 
the serial data. Those patients needed upward 
titration of dose to maintain the desired hemody- 
namic endpoint. The impact of this partial toler- 
ance in these patients was a slight blunting of the 
benefit on infarct size limitation but tolerance did 
not affect the beneficial effects on function, remod- 
eling, infarct-related complications, and survival.!*>’ 
Eighth, increased nitrate sensitivity was of greater 
concern than tolerance.!? Monitoring of blood pres- 
sure, heart rate, and clinical status are therefore 
necessary during infusions, especially in patients 
prone to greater nitrate sensitivity, as in the pres- 
ence of hypovolemia, inferior AMI, the right ven- 
tricular infarction syndrome, and in the elderly. 
Survival: It has been argued that a large random- 
ized study of low-dose intravenous nitroglycerin 
infusion over the first 48 hours of AMI, one that 
would have sufficient statistical power from a large 
sample size, is needed. However, a meta-analysis of 
the pooled data from all 9 randomized clinical 
trials of intravenous nitrates conducted by Yusuf et 
al!’ indicated a 49% reduction in the odds of death 
for all trials with intravenous nitroglycerin (2-tailed 






















TABLE Ili Summary of Effects of Low-Dose Intravenous 
Nitroglycerin in Acute Myocardial Infarction from a large 
Randomized Study! 





Decreased LV filling pressure 
Improved LV ejection fraction 

Decreased LV volume and dilation 
Decreased ST-segment elevations 
Decreased creatine kinase infarct size 
Decreased echocardiographic LV asynergy 


Decreased infarct-related complications 
Decreased infarct extension 
Decreased infarct expansion 
Decreased infarct thinning 
Decreased LV thrombus 
Decreased heart block 
Decreased cardiogenic shock 
Decreased heart failure 
Decreased in-hospital mortality 
Decreased LV aneurysm 
Decreased 1 year mortality 
Improved survival 


LV = left ventricular. 


p <0.001) and a 35% reduction in odds of death 
for all nitrate trials (including nitroprusside; 2-tailed 
p <0.001). It must be noted that these trials were 
conducted before the thrombolytic era. Preliminary 
studies in the thrombolytic era continue to indicate 
benefit from the use of low-dose intravenous nitroglyc- 
erin infusions over the first 48 hours of AMI.!3-1653 
The future Fourth International Study on Infarct 
Survival (ISIS-4) and the Third Gruppo Italiano per lo 
Studio della Suprawivenza nell Infarto Miocardico 
(GISSI-3) studies may provide further data on the 
effect of acute nitrate therapy on survival. 





CHRONIC THERAPY 

The application of prolonged therapy during 
and beyond the healing phase after AMI is an area 
of active current research. Healing after AMI takes 
place over about 6 weeks in dogs and over 3-6 
months in humans.***° It involves a sequence of 
acute and chronic inflammation followed by colla- 
gen deposition.” Within the first few days after 
AMI, the infarct area undergoes expansion with 
stretching, thinning, and dilation. This early re- 
gional dilation or remodeling appears to be progres- 
sive and can result in cardiac dilation and rup- 
ture.*’°° These early architectural changes are 
followed by collagen deposition into the already 
thinned and stretched infarct region and further 
remodeling over about 6 weeks, leading to perma- 
nent shape distortion and aneurysm formation. 
Late remodeling occurs with compaction and fur- 
ther thinning of the infarcted segment, hypertro- 
phy of the noninfarcted segment, and ventricular 
dilation due to dilation of the infarcted and nonin- 
farcted segments.’ Theoretically, early regional 
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bulging initiates a vicious cycle of ineffective car- 
diac contraction, decreased systolic ejection, de- 
creased cardiac output, more cardiac dilation, and 
cardiac failure.44° Therapy during the healing 
phase has greater potential for limiting remodeling 
if applied throughout the healing phase, especially 
during the earlier stages before collagen deposition 
plateaus rather than in the later stages. Therapy 
with a drug such as nitroglycerin, which does not 
decrease infarct collagen deposition, does not cause 
infarct thinning, but can decrease preload and 
afterload, would be expected to reduce the extent 
of progressive remodeling and improve myocardial 
performance.” Further, beneficial effects of nitro- 
glycerin on scar topography and collagen deposi- 
tion might enhance its mechanical strength, pre- 
vent rupture, prevent distension, and delay 
aneurysm formation.” Potential benefits of pro- 
longed therapy with nitrates after AMI include: (1) 
further unloading of the left ventricle and attenua- 
tion of progressive remodeling!*'°; (2) mainte- 
nance of patency of infarct-related vessels via 
coronary vasodilation as well as antiplatelet, antithrom- 
botic, and spasmolytic effects**’; (3) improved coro- 
nary blood flow via collateral development, improved 
myocardial perfusion, and protection against recur- 
rent infarction*’; and (4) provision of nutrient flow 
during the healing process.44*° 

Recent studies!*-!© have focused on the effects 
of prolonged nitrate therapy between 48 hours and 
6 weeks after AMI and following low-dose intrave- 
nous nitroglycerin therapy for the first 48 hours 
with or without thrombolytic therapy. In one study, 
patients with a first anterior transmural AMI were 
randomized, after 48 hours of intravenous nitroglyc- 
erin infusion, to therapy with buccal nitrate or 
placebo for 6 weeks.'*' An eccentric buccal ni- 
trate dosing regimen was used to avoid tolerance. 
Most patients (>55%) had received thrombolytic 
therapy with intravenous streptokinase or recombi- 
nant tissue-type plasminogen activator concur- 
rently with intravenous nitroglycerin, but there was 
no increased freqeuncy of hypotension, although 
downward titration of nitroglycerin was necessary 
in some patients. Prolonged nitrate therapy re- 
sulted in further limitation of remodeling, further 
improvement of left ventricular function, limita- 
tion of left ventricular dilation, and decreased 
frequency of aneurysm formation. More impor- 
tant, these benefits persisted up to 1 year, 10.5 
months after therapy was stopped.!* In a more 
recent study,'° 80 patients with a first transmural 
(Q-wave) AMI were entered in a randomized, 
double-blind, placebo-controlled study (2 x 2 fac- 


torial design; n = 20/cell) of chronic therapy with 
nitrate (buccal 1-3 mg 3 times daily, every 5 hours 
with an 8-hour washout), captopril (6.25-25 mg 3 
times daily), nitrate plus captopril, or placebo for 6 
weeks. The patients all received initial intravenous 
nitroglycerin and thrombolytic therapy during the 
first 48 hours before randomization. The preliminary 
study indicated that chronic therapy with nitrate, 
captopril, or both results in marked and persistent 
improvement of remodeling and functional parame- 
ters and less aneurysms on serial 2-dimensional 
echocardiography for up to 1 year.'® It appears 
from these studies that higher doses of nitrates are 
better tolerated in the remote post-AMI period. 


CONCLUSION 

Prolonged nitrate therapy, throughout the acute 
infarction phase and the subsequent healing phase, 
attempts to maximize the beneficial effects on 
salvage of left ventricular muscle, geometry, and 
function with the ultimate aim of improving out- 
come and survival. A practical therapeutic algo- 
rithm in the 1990s will most likely consist of early 
intravenous nitroglycerin and thrombolytic ther- 
apy, followed by prolonged nitrate and/or an 
angiotensin-converting-enzyme inhibitor. Nitrate 
tolerance with long-term therapy can be avoided by 
using appropriate oral, buccal, or transdermal 
formulations and eccentric dosing regimens to 
provide a daily nitrate-free interval. It is not clear, 
at present, whether additional protection during 
nitrate tolerance or the nitrate-free interval during 
chronic therapy is needed. Further clinical studies 
are needed to assess the effect of chronic nitrate 
therapy on survival after AMI. 
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Mechanisms of Action and Efficacy of Nitrates in 
Heart Failure 


Jay N. Cohn, MD 


Nitrates exert hemodynamic and possibly nonhe- 


modynamic effects that result in reduced cardiac 
filling pressures, increased cardiac output, re- 
duced pulmonary vascular pressures, and im- 
provement in symptoms and exercise tolerance 
in patients with heart failure. Combined with hy- 
dralazine, chronic oral administration of isosor- 
bide dinitrate has been demonstrated to improve 
survival when added to digoxin and diuretic ther- 
apy. A long-term improvement in left ventricular 
ejection fraction in these clinical studies has 
raised the possibility that the nitrates may be 
acting at least in part by inhibiting left ventricular 
remodeling. The precise role of nitrates and the 
optimal dosing regimen in the therapeutic arma- 
mentarium for heart failure, particularly in pa- 
tients already treated with a converting enzyme 
inhibitor, remains to be established. 
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he concept that chronic vasodilator therapy 
could have a favorable effect on the course 
of chronic congestive heart failure grew out 
of the observation that acute administration of a 
variety of vasodilator drugs results in a striking 
improvement in the function of the left ventricle. 
The earliest observations with intravenous infusion 
of nitroprusside and phentolamine demonstrated a 
striking reduction in the elevated left ventricular 
filling pressure and a marked augmentation in 
cardiac output and stroke volume in patients with 
severe heart failure.! These observations stimu- 
lated the use of oral vasodilator drugs to accom- 
plish the same goal. Initial studies were conducted 
with the nitrates, which, when given sublingually, 
orally, or transdermally, resulted in a reduction in 
the elevated pulmonary capillary wedge pressure 
and a modest increase in cardiac output.*© Subse- 
quently, it was demonstrated that arterial dilators, 
such as hydralazine and minoxidil,’”* could produce 
an even greater augmentation of cardiac output 
and that agents that acted on both the arterial and 
venous circulation, such as hydralazine plus isosor- 
bide dinitrate,’ prazosin,'® or the converting en- 
zyme inhibitors,'!!* could produce a satisfactory 
hemodynamic response approaching that observed 
with sodium nitroprusside. 

At the time these early hemodynamic studies 
were being carried out, it was the somewhat naive 
view of the cardiologic community that heart fail- 
ure was a hemodynamic disorder that could be 
reversed by drugs that corrected the hemodynamic 
disturbance. Consequently, the development of 
oral regimens for the management of heart failure 
was based on the simple view that a favorable 
hemodynamic effect would be translated into long- 
term clinical benefit. The last 15 years, therefore, 
have seen the development of a variety of vasodila- 
tor drugs designed to influence favorably the hemo- 
dynamic abnormality in heart failure with the hope 
that they would also augment exercise perfor- 
mance and relieve the symptoms of heart failure. A 
further goal of these trials has been an improve- 
ment in survival. 
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The nitrates have not been included in most of 
the trials carried out in recent years, not because 
they have been found to be ineffective in the 
syndrome, but because they are generic drugs 
without an adequate profit margin. The 2 studies 
that have utilized the nitrates in long-term trials of 
efficacy were the first and second Vasodilator- 
Heart Failure Trials (V-HeFT I and V-HeFT II), 
which utilized hydralazine in combination with 


-isosorbide dinitrate as vasodilator therapy. In other 


trials, nitrates have often been allowed as cother- 
apy because of the widespread use of these drugs 
either because of concomitant myocardial ischemia 
or because of the perception of the physician that 
nitrates are effective in the treatment of heart 


failure. Because of uncertainty about the appropri- 


ate dosage form of the nitrates and the frequency 
of their administration, the protocols for use of 
these agents have been quite variable. Conse- 
quently, the only controlled data available on the 
use of nitrates alone in the chronic management of 
heart failure come from early studies carried out in 
very small patient populations in which digitalis 
and diuretics served as background therapy and 
nitrates or placebo were given in the experimental 
design. 

The purpose of this contribution is to review the 
possible mechanisms of action of nitrates in the 
chronic management of heart failure and to review 
critically the clinical experience with these drugs in 
an effort to define a place for nitrates in the 
therapeutic regimen. 


MECHANISMS OF ACTION 
Nitrates are vasodilator drugs that exert a prom- 


_ inent effect on venous tone and increase capaci- 


tance of the venous system.!? This vascular action 
causes a pooling of blood and reduces the filling 
pressure of both the right and left ventricles. The 
pooling effect is, of course, augmented in the 


` upright position and can result in syncope. The 


arterial effect of nitrates is considerably less prom- 
inent. Although an arteriolar dilating effect may 


occur in response to high doses administered 


intravascularly,'* systemic administration of ni- 
trates generally does not result in much reduction 
of systemic vascular resistance. However, nitroglyc- 
erin can be demonstrated to have a relaxing effect 


_ on conductance arteries, resulting in an increase in 


arterial compliance and a reduction in reflected 
waves reaching the root of the aorta.'!° This venous 
and arterial effect of nitrates suggests that the 
drugs have a preferential effect on the larger blood 
vessels and a lesser effect on the microcirculation. 


In recent years it has become apparent that the 
pharmacologic action of nitrates is quite similar to 
that of endothelial-derived relaxing factor (EDRF), 
which is at least in part nitric oxide (NO).'° Indeed, 
the biosynthetic process leading to vascular action 
of administered organic nitrates involves the pro- 
duction of NO.” There is some evidence that 
nitroglycerin’s effect might be enhanced in the 
absence of functioning endothelium.'® This obser- 
vation raises the possibility that nitrates might have 
an even more prominent vascular action in patients 
with atherosclerosis, hypertension, and heart fail- 
ure who appear to exhibit impaired endothelial- 
derived relaxation. 

Another site of action that might contribute to 
the favorable effect of nitrates in heart failure is 
their effect on the coronary circulation. Nitrates 
appear to exert a prominent relaxing effect on the 
epicardial coronary arteries!’ and also dilate the 
collateral circulation in subjects whose collateral 
vessels are functional because of coronary stenosis 
or occlusion.” The coronary arterial relaxing effect 
of nitrates can lead to a reduction in the severity of 
fixed stenoses in the coronary arteries and thus 
augment perfusion to ischemic myocardium.*! Fur- 
ther, the reduction in left ventricular filling pres- 
sure induced by the nitrates would be expected to 
improve subendocardial perfusion in the setting of 
coronary disease.” Thus, an improvement in myo- 
cardial perfusion may contribute to a favorable 
response to these drugs not only in patients with 
coronary disease but in patients with heart failure 
and elevated left ventricular filling pressures. 

The nitrates have also been demonstrated to 
alter left ventricular compliance. Thus, the de- 
crease in left ventricular filling pressure in re- 
sponse to these drugs may be only partly related to 
a reduction in ventricular volume resulting from 
the venodilator effect of the drugs and may be in 
part related to an alteration in the pressure- 
volume relation of the ventricle, allowing filling to 
occur at a lower filling pressure. Whether this 
action of nitrates relates to a direct effect on the 
myocardium or is via a change in extrinsic forces 
influencing left ventricular filling is not entirely 
clear. 

Actions of the nitrates on the pulmonary circula- 
tion may also play a role in the favorable effect of 
these drugs in heart failure. An increase in pulmo- 
nary vascular resistance is a common finding in 
patients with heart failure and right ventricular 
function appears to be an important predictor of 
exercise intolerance.” Nitrates exert a relaxing 
effect on the pulmonary vasculature and have been 
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utilized with some success in the management of 
pulmonary hypertension.” Since right ventricular 
function is not routinely evaluated in patients with 
heart failure, the role of nitrates in augmenting 
performance of the right ventricle has not been 
well established. 

A nonhemodynamic mechanism for nitrate effi- 
cacy also must be considered. Nitrates exert their 
effect through stimulation of cyclic guanosine 3’, 
5'-monophosphate (cGMP).*° Considerable data 
are accumulating to suggest that cGMP as well as 
other vasodilator mechanisms may have a direct 
action in inhibiting vascular smooth muscle 
growth.’ Recent studies from our laboratory have 
raised the possibility that nitrates can inhibit left 
ventricular hypertrophy and remodeling.*® Similar 
data have been reported in patients following acute 
myocardial infarction.” It is uncertain how much 
of these vascular and myocardial inhibitory effects 
can be attributed to the hemodynamic response to 
nitrates and how much may be related directly to 
hormonal intermediaries. Nonetheless, the long- 
term efficacy of nitrates in heart failure could well 
be related to these inhibitory processes. 


EFFICACY OF NITRATES 

In the first trial of oral nitrate therapy for the 
treatment of chronic left ventricular failure, we 
administered isosorbide dinitrate as chronic oral 
therapy to a patient who had become dependent in 
the hospital on a nitroprusside infusion for mainte- 
nance of adequate peripheral perfusion. The 
patient maintained stability on oral isosorbide 
dinitrate and was able to leave the hospital with 
adequate circulatory function. A subsequent effort 
to withdraw him single-blind from nitrate therapy 
led to deterioration of left ventricular function and 
required reinstitution of the drug. 

This preliminary single-patient, single-blind, con- 
trolled observation led us to design a double-blind 
trial in patients with heart failure. Administration 
of isosorbide dinitrate in a dose of 40 mg 4 times 
daily was effective in improving exercise tolerance 
and in a borderline reduction of morbid events in a 
small group of patients with severe congestive 
heart failure.*! Leier and colleagues*” carried out a 
larger study with chronic isosorbide dinitrate ther- 
apy and demonstrated a progressive improvement 
of exercise tolerance in the nitrate-treated group. 
The magnitude of the favorable effect of nitrates 
on exercise tolerance in these studies was modest 
at best and was observed at a time when investiga- 
tors expected a far more dramatic improvement in 
response to a hemodynamically effective drug. 


Only in subsequent years has it become apparent 
that the magnitude of the hemodynamic effect of 
the drug bears little relation to its long-term effects 
on exercise tolerance. Further, exercise tolerance 
measured by a progressive test to peak capacity 
bears little relation to the severity of left ventricu- 
lar dysfunction or to survival.’ Consequently, peak 
exercise Capacity as the major endpoint for efficacy 
of a treatment for heart failure may be an inade- 
quate guide. 

The V-HeFT trials utilized isosorbide dinitrate 
in combination with hydralazine, because the hemo- 
dynamic effects of the vasodilator combination 
were greater than the effects of either drug alone.’ 
In V-HeFT I, hydralazine and isosorbide dinitrate 
combination exerted a significant effect on survival 
compared with placebo or prazosin in patients 
receiving digoxin and diuretic for mild-to-moder- 
ate congestive heart failure.” Peak oxygen con- 
sumption measured by gas exchange during a 
progressive bicycle ergometer test exhibited a slight 
improvement in the group randomized to hydrala- 
zine and isosorbide dinitrate compared with the 
group randomized to placebo or prazosin.*° Fur- 
ther, the nitrate-—hydralazine combination pro- 
duced a prominent increase in left ventricular 
ejection fraction that was not observed in the 
patients randomized to prazosin or placebo.** These 
favorable effects of the vasodilator combination in 
heart failure led us to recommend that this vasodi- 
lator therapy should become part of the standard 
armamentarium for the treatment of heart fail- 
ure 36.37 

V-HeFT II was planned to compare the hydral- 
azine—nitrate combination with the converting en- 
zyme inhibitor, enalapril, which had been demon- 
strated in severe heart failure to prolong life.** In 


this trial 804 patients treated with digoxin and 


diuretic were randomized into the 2 treatment 
arms to compare enalapril in a dose of 10 mg twice 
daily with hydralazine 75 mg and isosorbide dini- 
trate 40 mg administered 4 times daily.’ The 
evening and morning doses were scheduled so that 
patients had at least an 8-hour drug-free interval 
during the night. In this study enalapril exerted a 
significantly more favorable effect on survival than 
did hydralazine and isosorbide dinitrate, but the 
vasodilator combination exerted a greater effect on 
exercise capacity and on left ventricular function. 
These observations further support the concept 
that not all endpoints for clinical efficacy of drugs 
in heart failure are in concert. Long-term favorable 
effects on prognosis may relate to actions indepen- 
dent of the vascular effect of the drugs and may 
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relate to inhibition of vascular or myocardial growth, 
neuroendocrine effects, or metabolic effects that 
might result directly from the drugs being adminis- 
tered. Further, results from V-HeFT II raise the 
possibility that hydralazine and isosorbide dini- 
trate might effectively be added to a converting 
enzyme inhibitor in an attempt to further augment 
exercise performance, left ventricular function, 
and possibly survival. 

The role of the isosorbide dinitrate in the 
vasodilator drug combination cannot be clearly 
identified from these control trials. It is clear from 
previous studies that nitrates and hydralazine exert 
independent hemodynamic effects that are addi- 
tive when the drugs are given in combination. 
Whether this additive effect on hemodynamics can 
be translated into an additive effect on the long- 
term course of the disease cannot be established. 
Nonetheless, since the drugs are well tolerated in 
combination and have been in use for many years 
for treatment of other cardiovascular disorders, 
use of the 2 drugs in combination would appear to 
be more prudent than withholding 1 of them 
because of the possibility that both are not needed 
in the vasodilator regimen. 


HEMODYNAMIC TOLERANCE 

A growing concern with chronic nitrate therapy 
is the development of hemodynamic tolerance. 
Continuous intravenous infusion of nitroglycerin 
and transdermal administration of nitroglycerin 
result in attenuation of the systemic hemodynamic 
effects.4°4! This hemodynamic tolerance appears 
to limit the efficacy of orally and transdermally 
administered nitrates for angina pectoris. Regi- 
mens with long drug-free intervals designed to 
prevent tolerance have been advocated.” In heart 
failure, however, chronic efficacy of isosorbide 
dinitrate has been demonstrated with a regimen in 
which the drug is given 4 times daily, usually with 
an 8-hour interval at night without drug administra- 
tion. The data would suggest that either the drug- 
free interval is adequate to prevent hemodynamic 
tolerance, or that the chronic efficacy of nitrates 
for heart failure is not dependent on persistence of 
full hemodynamic response. 

Another possibility is that drug interactions 
protect against the hemodynamic tolerance to 
repeated dosing of nitrates. In recent studies Bauer 
and Fung*? have demonstrated in a rat model that 
hydralazine coadministration prevents the develop- 
ment of nitroglycerin tolerance on left ventricular 
filling pressure. If this observation is pertinent in 
humans, it could help account for the long-term 


efficacy of hydralazine and isosorbide dinitrate 
combination in heart failure.**”” 


FUTURE DIRECTIONS FOR RESEARCH 

Much remains to be learned about therapeutic 
responses in patients with heart failure. Some of 
the issues yet to be resolved include the following: 

What accounts for the temporal delay between a 
favorable hemodynamic effect of a drug and the 
favorable effects on exercise performance? 

Do the vascular effects of nitrates account for 
their favorable long-term effects in heart failure? 

Do nitrates alone improve left ventricular func- 
tion chronically or is hydralazine necessary for this 
response? 

Is tolerance to long-term nitrate administration 
not a problem in heart failure, although it is in 
patients with angina? 

Does hydralazine coadministration with nitrates 
protect against nitrate tolerance in patients with 
heart failure? 

Will nitrates augment the favorable hemody- 
namic or clinical effects of other vasodilators or 
converting enzyme inhibitors in patients with heart 
failure? 

Are nitrates specifically effective in patients 
with coronary disease or are they equally effective 
in patients with nonischemic cardiomyopathy? 

Does the degree of neurohormonal activation 
influence the response to nitrate therapy in heart 
failure? 

Can administration of nitrates in the early 
stages of left ventricular dysfunction prevent pro- 
gression of the left ventricular dysfunction and 
inhibit the onset of heart failure? 

Need nitrate effect be maintained throughout 
the 24 hours or will a favorable effect be achieved 
with less frequent administration? 

What is the optimal dose of nitrates to achieve 
the best long-term response? 

The likelihood of obtaining answers to these 
and other unresolved issues is slim, because of the 
absence of research support for studies using 
generic forms of organic nitrates. Research with 
newer proprietary nitrate formulations (with patent 
protection) might partially correct this deficiency, 
but whether these newer preparations will exert 
actions similar to those observed with isosorbide 
dinitrate is not certain. Nonetheless, based on the 
data available, it appears that oral administration 
of isosorbide dinitrate exerts a favorable clinical 
effect in patients with heart failure and might 
appropriately be added to the regimen in patients 
with this disorder. 
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Neurohormonal Activation During Nitrate 
Therapy: A Possible Mechanism for Tolerance 
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The hemodynamic and antianginal effects of the 
organic nitrates are greatly reduced during ther- 
apy designed to provide 24-hour protection 
throughout each day. Although the mechanisms 
of tolerance are not clearly understood, it is 
likely that tolerance is related to a combination 
of reduced sulfhydryl groups in vascular smooth 
muscle and neurohormonal activation. These 
changes would reduce nitrate-induced vasodila- 
tion and induce sodium and water retention with 
an increase in plasma volume. These reflex neu- 
rohormonal changes would reduce the hemody- 
namic effect of any given degree of nitrate-in- 
duced vasodilation. Although preliminary studies 
suggest that diuretic therapy or the use of con- 
verting enzyme inhibitors may reduce or abolish 
tolerance, further clinical studies are required to 
confirm these findings. 

(Am J Cardiol 1992;70:93B-—97B) 
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r Vhe organic nitrates are the most commonly 
used agents in the management of patients 
with angina pectoris secondary to coronary 

artery disease. The nitrates are extremely effective 

during acute therapy, but dosing regimens de- 
signed to provide prophylactic effects throughout 

24 hours each day are associated with tolerance 

that greatly reduces or abolishes their clinical 

effectiveness.'~ 


MECHANISMS OF TOLERANCE 

The basis for nitrate tolerance is not completely 
understood, but the most widely espoused theory is 
that continued nitrate exposure leads to depletion 
of reduced sulfhydryl groups in vascular smooth 
muscle. Sulfhydryl groups are required for the 
denitration of organic nitrates with formation of 
nitric oxide (NO) and nitrosothiols. According to 
this hypothesis, a deficiency of reduced sulfhydryl 
groups decreases the formation of NO and nitro- 
sothiols. This leads to reduced activation of guany- 
late cyclase and decreased production of cyclic 
guanosine monophosphate, resulting in diminished 
vasodilation. 

The organic nitrates induce important hemody- 
namic effects and this results in increased plasma 
renin activity and catecholamines levels.” These 
alterations could modulate the nitrate effects by 
augmentation of vasoconstrictor forces and alter- 
ation in blood volumes secondary to sodium and 
water retention. 


RECENT RESEARCH 

The hypothesis that neurohormonal changes 
might play a role in the development of nitrate 
tolerance is supported by preliminary studies em- 
ploying diuretics and converting enzyme inhibitors. 
Thus, the concomitant use of converting enzyme 
inhibitors during continuous transdermal nitroglyc- 
erin (NTG) therapy in patients with angina pecto- 
ris studied by treadmill exercise testing® prevented 
the development of tolerance. In a study of normal 
subjects in which the nitrate effect was assessed by 
forearm plethysmography, the use of an angioten- 
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sin-converting enzyme (ACE) inhibitor also pre- 
vented tolerance during continuous transdermal 
NTG patch therapy.’ In congestive heart failure, 
intravenous NTG induces marked changes in the 
distribution of body fluid. Dupuis et al! found an 
increase in intravascular volume and a decrease in 
hematocrit occurring rapidly during NTG infusion. 
These changes occurred without a change in so- 
dium and water balance, and it was postulated that 
this was related to redistribution of fluid between 
the intravascular and extravascular compartments. 
The role of this alteration and of sodium and water 
balance in nitrate tolerance has recently been 
assessed in a preliminary study in patients with 
angina pectoris.'! Isosorbide dinitrate (ISDN) given 
4 times daily rapidly induced tolerance, but the 
addition of a hydrochlorothiazide diuretic main- 
tained the antianginal efficacy of ISDN. 


CURRENT RESEARCH 

We have recently studied the neurohormonal 
responses occurring during transdermal NTG ther- 
apy in a group of normal volunteers.'* Twenty 
subjects were studied in a clinical investigation unit 
and received diets of fixed caloric and sodium 
content. After 4 days on this regimen, transdermal 
NTG patch therapy was initiated in an average 
dose of 29 mg/24 hr. This was established by prior 
titration of NTG patches to produce a decrease in 
systolic blood pressure of > 15 mm Hg. Administra- 
tion was continued for 3 days, with 10 subjects 
receiving continuous once daily therapy and 10 
subjects received daily NTG patches for 12 hours 
followed by a 12-hour patch removal period. Toler- 
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ance developed rapidly during the first day of 
continuous NTG therapy, as assessed by the heart 
rate and blood pressure response to the second 
dose of transdermal NTG. During intermittent 
therapy, no tolerance was seen and the hemody- 
namic response after each daily patch application 
was similar to that during the initial day of NTG 
therapy. 

Continuous NTG patch therapy was associated 
with retention of sodium with a 50% reduction in 
urinary sodium output (Figure 1) and a weight gain 
of 1 kg during the first 48 hours of therapy (Figure 
2). In addition, the hematocrit decreased by 4.5 
g/dL (Figure 2). These changes were not seen 
during intermittent NTG therapy. There was clear 
evidence of neurohormonal activation during ni- 
trate therapy (Figure 3). In both treatment groups, 
there was an increase in the mean daily values of 
plasma norepinephrine. In the intermittent ther- 
apy group, plasma norepinephrine levels were 
normal each morning and increased significantly 
during the period of patch application. The in- 
crease in plasma epinephrine levels in the continu- 
ous therapy group was not significant, whereas the 
plasma levels in the intermittent treatment group 
showed a pattern similar to norepinephrine with 
normal basal levels and a significant increase 
throughout the period of patch application. Plasma 
renin activity increased during continuous NTG 
therapy but not during intermittent treatment. In 
the latter group, the morning values were normal 
and increased each day during patch application, 
although these changes were not statistically signif- 
icant. 
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FIGURE 1. During continuous nitroglycerin therapy there was a significant decrease in 24-hour urinary sodium excretion. 
The minor change during intermittent therapy was not significant. 
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FIGURE 2. During continuous patch application, the patients had a significant gain in body weight. This evidence of fluid 
retention was associated with a significant decrease in blood hematocrit in the continuous therapy group but not In the 
intermittent group. 
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FIGURE 3. During continuous nitroglycerin (GTN) therapy, there was clear evidence of neurohormonal activation with ele- 
vation of plasma renin activity (PRA), norepinephrine, atrial naturetic peptide (ANP), and arginine vasopressin (AVP). 
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SIGNIFICANCE OF COUNTERREGULATORY 
EFFECTS IN TOLERANCE 

It is not possible to assess the extent to which 
neurohormonal changes contribute to the develop- 
ment of nitrate tolerance. This may vary with the 
dose and route of nitrate administration and may 
be influenced by other therapies. Thus, the concom- 
itant use of other vasodilators could accentuate 
these effects and the administration of ACE inhibi- 
tors or B blockers might reduce neurohormonal 
activation. Likewise, the use of diuretics might 
modify changes in vascular volume associated with 
nitrate therapy. Although there is evidence of 
significant neurohormonal activation, the most com- 
monly accepted hypothesis for the mechanism of 
nitrate tolerance is a depletion of reduced sulfhy- 
dryl groups in vascular smooth muscle cells. Al- 
though there is evidence from in vitro studies that 
sulfhydryl repletion will reverse nitrate tolerance, 
studies in humans have provided conflicting re- 
sults. In patients with heart failure, oral N-acetyl- 
cysteine (NAC) has partially reversed tolerance to 
intravenous NTG," but a subsequent study from 
this investigative group failed to confirm earlier 
observations that methionine (another sulfhydryl 
donor) exerted a similar effect.'4 In humans with 
coronary artery disease made tolerant to intrave- 
nous NTG, intracoronary NTG induces a much 
smaller increase in coronary blood flow than that 
seen in the nontolerant state.!° In this study, 
intravenous NAC fully restored the effect of intra- 
coronary NTG. In contrast, patients with angina 
pectoris made tolerant to frequent oral doses of 
ISDN showed no improvement in exercise perfor- 
mance following an identical infusion of NAC.'® 
Fung and coworkers!’ have suggested that the 
effect of sulfhydryl group donors may be mediated 
through a tolerant independent reaction between 
NTG and NAC in plasma. This may explain the 
lack of effect of NAC during tolerance to ISDN 
because the metabolism of ISDN occurs primarily 
intracellularly. Further, ISDN reacts poorly with 
NAC, and relatively less nitrosothiol may be pro- 
duced compared with NAC and NTG. Since toler- 
ance occurs in isolated vascular tissue during ni- 
trate administration, tolerance cannot be related 
solely to neurohormonal counterregulatory mecha- 
nisms. It is most likely that both sulfhydryl deple- 
tion and neurohormonal activation are involved in 
the development of tolerance. 


FUTURE RESEARCH 
The demonstration of augmented vasoconstric- 
tor influences and sodium and water retention 


during sustained nitrate therapy points to the need 
for further research to assess methods to reduce or 
prevent nitrate tolerance. Further research is re- 
quired to confirm the findings of Sussex and cowork- 
ers!! showing that hydrochlorothiazide prevented 
tolerance to oral ISDN in patients with angina 
pectoris. Likewise, the role of ACE inhibitors 
should be studied further to confirm the prelimi- 
nary studies in patients with angina, showing their 
effectiveness in preventing tolerance.’ 


CONCLUSIONS 

Nitrate tolerance is an important clinical prob- 
lem and the effectiveness of nitrate therapy is 
markedly reduced or abolished during treatment 
regimens designed to provide therapeutic effects 
throughout 24 hours. The mechanisms for toler- 
ance are not completely understood, but several 
factors are probably responsible. There is strong 
evidence to suggest that continued nitrate expo- 
sure leads to depletion of reduced sulfhydryl groups 
with secondary reduction in NO production and 
diminished vasodilator effects. There is, however, 
increasing evidence of reflex neurohormonal activa- — 
tion during nitrate therapy, which leads to augmen- 
tation of vasoconstrictor forces and alterations in 
vascular volume. These alterations clearly have the 
potential of reducing the effect of any degree of 
nitrate-induced vasodilation. The documentation 
of important neurohormonal activation points to 
new therapeutic avenues to prevent tolerance and 
to increase or prolong the effective period of 
nitrate therapy. Further studies are needed to 
assess the effects of diuretics and ACE inhibitors 
during nitrate therapy. 
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Nitrate Resistance and Tolerance: Potential 
Limitations in the Treatment of Congestive 
Heart Failure 
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Organic nitrates are commonly used in the treat- 
ment of chronic congestive heart failure (CHF). 
These drugs have been shown to improve exer- 
cise capacity and reduce symptoms and in combi- 
nation with hydralazine to prolong life in patients 
with mild-to-moderate symptoms of CHF. Recent 
investigations, however, have indicated that ni- 
trate-mediated benefit to patients with CHF may 
be limited by resistance to their hemodynamic 
effects seen in many patients and by early devel- 
opment of tolerance. The incidence, potential 
mechanisms, and possible methods for preven- 
tion of nitrate resistance and tolerance in pa- 
tients with chronic CHF are reviewed. 

(Am J Cardiol 1992;70:98B—1048) 
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rganic nitrates have demonstrated a great 
() potential as therapy for chronic congestive 

heart failure (CHF). These drugs exert a 
beneficial hemodynamic effect due to their vasodi- 
lating action’? and have been shown to improve 
exercise capacity in patients with CHF.*° In addi- 
tion, in combination with hydralazine, isosorbide 
dinitrate (ISDN, the nitrate preparation most com- 
monly employed in the treatment of CHF) has 
demonstrated the ability to prolong survival in such 
patients.” Recent data, however, have indicated 
that the effects of nitrate therapy may be limited by 
resistance to its hemodynamic effects and by early 
development of tolerance in some patients with 
CHF. In this article the incidence of these 2 
phenomena, their possible pathogenic mecha- 
nisms, and potential clinical implications are re- 
viewed. 


NITRATE RESISTANCE 

A recent hemodynamic evaluation of the com- 
monly used ISDN dose (40 mg) in a large group of 
patients with moderate and severe CHF in our 
institution demonstrated a lack of hemodynamic 
response in almost half of the patients (Figure 1). 
Fifty-two (53%) of the 99 patients studied demon- 
strated a sustained decrease (at least 20% lasting 
for at least 1 hour) in mean pulmonary artery 
wedge pressure, whereas a similar effect could not 
be demonstrated in 47 patients (47%). Analysis of 
baseline clinical and hemodynamic variables in the 
first 50 patients (Figure 2) demonstrated a signifi- 
cantly higher baseline mean right atrial pressure in 
nonresponders compared with responders to 40 mg 
of ISDN (14 + 5 vs 10 + 6 mm Hg; p <0.02).8 A 
dose increase in the nonresponders to 80-120 mg 
overcame resistance in 2 of 14 patients who re- 
ceived 80 mg and 16 of 29 who received the 120 mg 
dose. In addition, 7 of 8 patients who received 120 
mg as their initial dose demonstrated a hemody- 
namic effect; overall, therefore, 58% of the nonre- 
sponders to 40 mg ISDN who went on to receive a 
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higher dose exhibited a sustained decrease in mean 
pulmonary artery wedge pressure, whereas 42% 
failed to respond, even to the 120 mg dose. 

The result of our study, therefore, demon- 
strated a high incidence of a partially dose- 
dependent hemodynamic resistance to oral ISDN 
in a large number of consecutive patients with 
severe chronic CHF. Almost half of the patients 
did not respond to the commonly recommended 
dose of 40 mg ISDN and almost 25% did not 
respond even to doses as high as 120 mg. These 
results are supported by previously published data 
describing resistance to organic nitrates in patients 
with CHF. Armstrong et al’ reported failure to 
achieve a 25% reduction in mean pulmonary artery 
pressure with intravenous nitroglycerin in doses 
> 400 g/min in 31% of patients, the majority of 
whom had acute heart failure due to myocardial 
infarction. Magrini and Niarchos"? reported a some- 
what higher incidence of resistance and demon- 
strated failure to respond to sublingual nitroglyc- 
erin in about half of patients with acute heart 
failure. Other reports!!! have demonstrated a 
20-27% incidence of resistance to transdermal 
nitroglycerin and 11-13% incidence of resistance 
to intravenous nitroglycerin in patients with CHF. 
A lower incidence of resistance to oral ISDN at a 
dose of 40 mg was described by Franciosa and 
Cohn? in a small number of patients with chronic 
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heart failure. These investigators found failure to 
exhibit a 20% decrease in pulmonary artery wedge 
pressure in only 1 (5%) of 19 patients. The explana- 
tion for the discrepancy between these results and 
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FIGURE 2. Individual values for mean right atrial pressure 
in 27 responders and 23 nonresponders to 40 mg of iso- 
sorbide dinitrate. . 


A SYMPOSIUM: NITROGLYCERIN THERAPY 99B 


our findings is probably related to more severe 
disease and the strict definition of hemodynamic 
response in our study. 


POTENTIAL MECHANISM FOR NITRATE 
RESISTANCE 

A significantly higher value of right atrial pres- 
sure was found in our study in nonresponders to 
the standard dose of ISDN when compared with 
responders. These findings are supported by previ- 
ous reports by Armstrong et al? and Packer et al!! 
who studied the hemodynamic effect of nitroglyc- 
erin in patients with acute and chronic heart 
failure. Pretreatment values of right atrial pressure 
have also been used to predict response to convert- 
ing enzyme inhibitors in patients with heart fail- 
ure.!° These findings may suggest that overly en- 
gorged and maximally stretched capacitance vessels 
might play a role in resistance to nitrates and other 
venodilating drugs. Elevated right atrial pressure 
has also been reported!’ to influence responsive- 
ness to hydralazine in patients with heart failure 
and was suspected of being caused by impaired 
gastrointestinal drug absorption. A high ISDN 
blood level found by us® in 9 responders versus 8 
nonresponders (44 + 36 vs 32 + 19 ng/mL), albeit 
not statistically significant, may support such a 
mechanism. Magrini and Niarchos!’ suggested that 
increased amount of sodium and water within the 
vascular wall or increased mechanical compression 
due to accumulation of subcutaneous fluid may 
impair responsiveness to nitrates. These investiga- 
tors demonstrated a high incidence of resistance to 
nitroglycerin in patients with acute heart failure 
and peripheral edema, which was reversed when 
edema was corrected with diuretic therapy. Such a 
mechanism, however, is not supported by the 
results of our study, since our patients were stabi- 
lized and peripheral edema was treated prior to 
the initiation of the study. 

Hemodynamic response to vasodilator therapy 
has been demonstrated to be limited by activation 
of vasoconstrictive mechanisms in some patients.!® 
Similar activation of vasoconstrictive mechanisms 
has been suggested as responsible, at least par- 
tially, for development of nitrate tolerance in 
patients with CHF.” Recent studies have shown 
substantial changes in plasma catecholamines and 
plasma renin activity in several patients with CHF 
occurring as early as 1 hour following initiation of 
nitrate therapy.!? It is, therefore, conceivable that 
nitrate resistance is an early form of tolerance 
development that is caused by such rapid and 
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excessive neurohormonal activation and attenua- 
tion of the initial vasodilatory effect of the drugs. 
Resistance to nitrates at the cellular level is an 
additional mechanism that cannot be ruled out. 
Organic nitrates cross the cell membrane and 
through oxidation of sulfhydryl groups and conver- = 
sion to S-nitrosothiols stimulate activity of guany- 
late cyclase, an enzyme that leads to production of 
cyclic guanosine monophosphate (cGMP) and ulti- 
mately to vasodilation.?™” Availability of sulfhy- 
dryl groups has been shown to importantly influ- 
ence nitrate responsiveness. Recent studies have 
shown potentiation of nitroglycerin-induced periph- 
eral and coronary dilatory effect and reversal of 
nitrate tolerance in patients with heart failure with 
N-acetylcysteine, a source of sulfhydryl groups.?*?8 
Deficiency of sulfhydryl groups or the rapid con- 
sumption of this active group may be the reason for 
nitrate resistance demonstrated in some patients. 


NITRATE TOLERANCE 

Although the phenomenon of nitrate tolerance 
was first described almost a century ago, its clinical 
relevance has always been controversial.2?3! A 
large number of investigations, both in patients 
with angina pectoris and in patients with conges- 
tive heart failure, have provided convincing evi- 
dence to indicate that nitrate tolerance may be an 
important limitation to the therapeutic efficacy of 
these drugs. Olivari et al?? were first to describe an 
early attenuation of most hemodynamic effects 
mediated by transdermal nitroglycerin, which oc- 
curred within the first 24 hours of therapy in 
patients with CHF. This report was followed by a 
number of studies that demonstrated similar re- 
sults. Although some other reports demonstrated 
sustained hemodynamic response to transdermal 
nitroglycerin at doses of 10-60 mg/day!!9*4 sey- 
eral studies using similar doses confirmed the 
development of early tolerance to the initial hemo- 
dynamic effects of organic nitrates. Elkayam et 
al!?5> and Roth et al% demonstrated the temporary 
nature of hemodynamic response to transdermal 
nitroglycerin in patients with chronic heart failure, 
even with the use of a dose as large as 90-120 
mg/day (Figure 3). A similar attenuation of hemo- 
dynamic effects with continuous nitroglycerin ad- 
ministration has also been documented in patients 
with chronic heart failure receiving intravenous 
infusions of nitroglycerin.*”*8 Elkayam et al?’ have 
recently demonstrated early development of toler- 
ance with the use of frequent dosing (every 4 and 6 
hours) of oral ISDN given to patients with moder- 
ate to severe CHF (Figure 4). These findings, 
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which were associated with significant attenuation 
of initial reduction of left ventricular filling pres- 
sure were most likely due to persistently elevated 
ISDN blood levels. These results are somewhat in 
variance with the finding by Franciosa and Cohn,” 


= who reported sustained hemodynamic effects in 


patients with heart failure receiving ISDN 40 mg 
every 6 hours for 3 months. However, withholding 
therapy prior to the hemodynamic evaluation of 


_ISDN effect after chronic treatment in the study by 


Franciosa and Cohn may have resulted in some 


_ restoration of nitrate defect in that study. 


Potential mechanisms of nitrate tolerance: 


There is strong evidence that nitrovasodilators 
undergo a metabolic process resulting in the forma- 


tion of vasoactive compounds.*!” The lipophilic 






organic nitrates are reported to be reduced both 
extra- and intracellularly to inorganic nitrates via 
an interaction with sulfhydryl groups with further 
conversion into nitric oxide (NO), which then 
forms an S-nitrosothiol compound through an 
interaction with the second population of sulfhy- 
dryl groups. Either NO or S-nitrosothiol are be- 
lieved to be the final stimulant of guanylate cyclase, 
an enzyme that generates cGMP in the vascular 
wall. cGMP presumably reduces intracellular cal- 
cium concentration by decreasing calcium release 
from the sacroplasmic reticulum and reducing 
permeability to extracellular calcium.*? 

The development of nitrate tolerance seems to 
be a multifactorial phenomenon. The first mecha- 
nism seems to be depletion of sulfhydryl groups in 
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vascular smooth muscle cells, which has been 
clearly documented with prolonged exposure of 
vascular strips to nitroglycerin.4* A possible asso- 
ciation between unavailability of sulfhydryl groups 
and tolerance development has been supported by 
in vitro studies demonstrating reversal of vascular 
tolerance with the supply of sulfhydryl groups.?®46 
In addition, only negligible tolerance was observed 
with thiol-independent nitrovasodilators such as 
molsidomine or nitroprusside.*7*>4’? These find- 
ings further support the thiol-dependent biotrans- 
formation of organic nitrate as an important focus 
for tolerance development. Several studies in 
vivo have recently demonstrated potentiation of 
peripheral as well as coronary vasodilatory effect of 
nitroglycerin and reversal of nitrate tolerance 
with the administration of sulfhydryl-containing 
drugs.78°°°! However, the incomplete reversal of 
tolerance suggests only a partial role of this mecha- 
nism for nitrate tolerance in patients with chronic 
CHF A5: 

Another suggested mechanism for early attenu- 
ation of nitrate effect is activation of reflex vasocon- 
strictive forces, which may offset initial vasodila- 
tory effects.!’°3 This mechanism is supported by 
animal studies demonstrating prevention of acute 
tolerance to nitroglycerin by abolition of compensa- 
tory reflexes, and by findings of an increase in 
heart rate, plasma renin activity, and body weight 
accompanying the development of hemodynamic 
tolerance to nitrates.'?3> Hemodynamic rebound 
reported by some investigators after abrupt discon- 
tinuation of continuous nitroglycerin infusion may 
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provide further supportive evidence for stimula- 
tion of neurohormonal mechanisms as a cause for 
nitrate tolerance.**>° On the other hand, failure to 
document change in neurohormonal level and 
hemodynamic rebound with abrupt nitrate with- 
drawal despite development of nitrate tolerance by 
other investigators’ probably indicates that neuro- 
hormonal activation is not a sole cause for nitrate 
tolerance in patients with CHF. 

Dupuis et al!’ have recently shown an increase 
in intravascular blood volume early following initi- 
ation of nitroglycerin therapy in patients with 
chronic CHF. Such increased blood volume may be 
another mechanism that helps to offset the initial 
hemodynamic effect associated with vasodilation 
and increased vascular capacity following nitrate 
therapy. 

Prevention of nitrate tolerance in patients 
with congestive heart failure: Packer and associ- 
ates? demonstrated significant attenuation of the 
initial hemodynamic effect of intravenous nitroglyc- 
erin and partial reversal and restoration of its 
effect after the administration of N-acetylcysteine, 
a sulfhydryl-containing compound. The same group 
presented preliminary data indicating similar rever- 
sal of nitrate tolerance with methionine, another 
sulfhydryl-containing compound.*! Previous data 
demonstrating the augmentation of both periph- 
eral and coronary vasodilatory effects of nitrates 
with sulfhydryl donors” raise the possibility that 
partial restoration of the nitrate effect is due to 
sulfhydryl-mediated enhancement of the effect 
rather than reversal of tolerance. Such argument is 
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nary a pressure — 
(PAWP) 1, 2, 4, and 6 hours after 
first and the last dose of isosor- 
bide dinitrate (ISDN) given 24 
hours apart. 
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further supported by the report of Dupuis et al,!° 
who failed to demonstrate prevention of tolerance 
to intravenous nitroglycerin with concomitant ad- 
ministration of N-acetylcysteine. The use of capto- 
pril, a sulfhydryl-containing angiotensin-coverting 
enzyme inhibitor, has resulted in conflicting re- 
sults. Dakak and coworkers® reported failure of 
captopril to prevent the development of nitrate 
tolerance in patients with CHF. In contrast, Mehra 
et al have demonstrated a persistent effect of 
frequent dosing of oral ISDN when given to pa- 
tients already treated with captopril. These con- 
trasting data and the important clinical implica- 
tions clearly suggest the need for further evaluation 
of the effect of captopril on nitrate tolerance in 
patients with chronic CHF. 

Intermittent dosing: Packer et al! were the 
first to demonstrate the importance of nitrate 
washout intervals for the prevention of early toler- 
ance development in patients with chronic CHF. 
These investigators were able to prevent tolerance 
to continuous intravenous administration of nitro- 
glycerin therapy by the use of an intermittent 


regimen, allowing 12 hours of nitrate washout 
-interval following 12 hours of nitroglycerin infu- 


sion. The potential benefit of this approach was 
further supported by Sharpe et al,58 who demon- 
strated persistent hemodynamic effects of transder- 


mal nitroglycerin given intermittently, allowing a 
daily nitrate-free interval of 8 hours for a period of 
_1 month. The same investigators reported marked 
_ attenuation of hemodynamic effect with the same 


dose of nitroglycerin given continuously. Elkayam 
and coworkers? have recently shown that the 
development of tolerance with frequent dosing of 


_ oral ISDN could be prevented by longer interdose 
intervals (every 8 hours). In addition, nitrate effec- 


tiveness was restored after 12 hours of nitrate 


washout interval in patients with CHF who devel- 


oped early tolerance to the drug given every 6 
hours. These findings demonstrate the effective- 
ness as well as importance of daily nitrate washout 
interval in the prevention of nitrate tolerance. 


CLINICAL IMPLICATIONS 


The clinical implications of both resistance to 
the hemodynamic effects of nitrate therapy in 
nonresponders and its early attenuation in respond- 
ers to these drugs is not entirely clear. These 


observations have been limited in patients with 


CHF to the hemodynamic effects and may not 


impact on the influence of this therapy on impor- 
tant endpoints, such as exercise tolerance, symp- 
toms, and survival. Further studies to evaluate the 


A 


potential benefit of high-dose nitrate to overcome 
resistance and the effect of nitrate tolerance on 
such clinical endpoints are obviously needed. Until 
such data become available, strong recommenda- 
tions cannot be made. However, reduction in left 
ventricular filling pressure is likely to have a 
favorable effect on symptoms and possibly on 
survival, since mortality in patients with CHF has 
been shown to correlate significantly with this 
hemodynamic parameter. Improvement in pulmo- 
nary hypertension is likely to improve symptoms of 
dyspnea, which has been shown to be triggered by 
stimulation of pulmonary vasoreceptors.5 In addi- 
tion, improvement of right ventricular function, 
which is strongly afterload dependent, has been 
clearly shown to be associated with improvement 
of exercise tolerance in patients with chronic se- 
vere CHF.® For all these reasons, it seems justified 
to consider the use of high-dose ISDN in patients 
with severe CHF and clinical findings of right atrial 
hypertension who do not respond to the standard 
dose of this drug. In addition, the use of intermit- 
tent nitrate therapy allowing daily nitrate washout 
intervals of 8-12 hours seems prudent in order to 
prevent early attenuation of hemodynamic effects. 
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